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FOREWORD 


This  report  summarizes  the  results  of  research  performed  under  contracts  DAAG46- 
75-C-Q02  7 and  DAAG46-76-C-0009.  The  contractors  were  The  BDM  Corporation, 
Vienna,  VA,  and  RMC  Research  Corporation,  Bethesda,  MD.  The  work  was  conducted 
between  1974  and  1975.  Dr.  R.  Chait,  DRXMR-MP,  Army  Materials  and  Mechanics 
Research  Center,  was  the  Project  Manager/Monitor. 

Tlie  work  was  sponsored  by  JTCG/AS  as  part  of  a 3-year  TEAS  (Test  and  Evaluation 
Aircraft  Survivability)  Program.  The  TEAS  Program  was  funded  by  DDR&E/ODDT&E.  The 
effort  was  conducted  under  the  direction  of  the  JTCG/AS  Design  Criteria  and  Industry 
Interface  Subgroup. 

Much  work  has  been  accomplished  over  the  past  years  to  assess  and  enhance 
non-nuclear  combat  survivability  of  U.S.  aircraft.  Part  of  that  work  includes  a great  deal  of 
ballistic  testing.  To  aid  this  test  effort,  an  up-to-date  survey  was  made  and  this  guide 
prepared.  This  guide  serves  the  JTCG/AS  community  as  a reference  to  major  ballistic  test 
facilities  in  the  U.S. 

The  authors  wish  to  extend  their  appreciation  for  the  assistance  of  Mr.  A.  F.  Jones  of 
the  U.S.  Army  Materials  and  Mechanics  Research  Center,  who  prior  to  his  retirement,  was 
instrumental  in  providing  assistance  in  coordinating  site  visits.  The  excellent  cooperation  of 
the  facility  representatives  both  during  the  site  visits  and  in  reviewing  the  draft  facility 
descriptions  provided  valuable  insight  into  the  overall  capability  of  each  facility.  The 
authors  wish  to  express  their  appreciation  of  this  cooperation  and  for  the  assistance  of  all 
who  contributed  to  this  guide. 


NOTE 

This  technical  report  was  prepared  by  the  Vulnerability  Assessment  Subgroup  of  the  Joint 
Technical  Coordinating  Group  on  Aircraft  Survivability  in  the  Joint  Logistics  Commanders' 
organization.  Because  the  Services’  aircraft  survivability  development  programs  are  dynamic  and 

changing,  this  report  presents  the  best  data  available  to  the  subgroup  at  this  time.  It  has  been  J 

coordinated  and  approved  at  the  JTCG  subgroup  level.  The  purpose  of  the  report  is  to  exchange 

data  on  all  aircraft  survivability  programs,  thereby  promoting  interservice  awareness  of  the  DOD 

aircraft  survivability  program  under  the  cognizance  of  the  Joint  Logistics  Commanders.  By  careful 

analysis  of  the  data  in  this  report,  personnel  with  expertise  in  the  aircraft  survivability  area  should 

be  better  able  to  determine  technical  voids  and  areas  of  potential  duplication  or  proliferation. 
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BACKGROUND 


JTCG  AS 

JTCG'AS  was  fonned  by  direction  of  the  Joint  Logistics  Commanders  (DARCOM/ 
NMC/AFLC/AFSC)  to  determine  and  validate  methodologies  required  to  test,  evaluate,  and 
design  survivability  into  aircraft  and  aircraft  subsystems.  The  Design  Criteria  and  Industry 
Interface  Subgroup  formed  an  ad  hoc  committee  with  the  following  objective;  to  review  and 
evaluate  military,  goveniment  and  commerical  survivability/vulnerability  ballistic  test 
facilities,  and  establish  a complete  and  ready  reference  directory  of  same. 


RELATED  RESEARCH 

In  March  of  1973,  Braddock,  Dunn  and  McDonald,  Inc.*  (with  the  RMC  Research 
Corporation  as  a subcontractor)  entered  into  a contract  with  the  U.S.  Army  OTEA 
(Operational  Test  and  Evaluation  Agency)  to  survey  existing  instrumented  test  sites  which 
could  be  used  for  operational  testing.  Methodologies  for  collecting  and  presenting  facilities 
information  were  developed  which  proved  effective  and  economical.  Tlie  resulting  three 
volume  Operational  Test  Instrumentation  Guide  was  widely  distributed  throughout  the  test 
and  evaluation  community  where  it  was  universally  well  received.  Following  publication  of 
this  guide,  a task  was  added  to  the  contract  which  required  a survey  of  all  hardware 
simulators  and  computer  simulations  applicable  to  operational  test  and  evaluation.  During 
the  conduct  of  this  second  task,  the  methodologies  previously  used  where  further  refined 
and  improved. 


INTROUCTION 


PURPOSE 

lo  accomplish  the  ad  hoc  committee  objective,  the  BDM  Corporation  and  RMC 
Research  ( orporation  were  contracted  to  perform  an  up-to-date  test  facility  survey.  They 
used  the  same  methodologies,  modified  as  appropriate,  that  were  previously  successful.  This 
new  irsey  was  to  provide  the  ad  hoc  committee  with  documented  capabilities  of  major 
IsdhstK  test  facilities  within  the  U.S.  This  Hallistie  Test  T'aeility  Guide  presents  the  survey 
results  and  will  serve  as  a convenient  reference  for  members  of  the  JTCG/AS  and  other 
interested  agencies  involved  in  planning  aircraft  survivability/vulnerability  tests. 


\PPRO\(  M 

A three-phase  approach  was  used  in  accomplishing  this  initial  survey.  'Dus  approach 
had  lieen  developed  in  conducting  similar  surveys  and  had  proven  to  be  effective, 
economical,  and  manageable. 


*No\fc  !he  RDM  ( orporution 
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PiKise  1 

The  first  jihase  consisted  of  reviewing  available  documentation  concerning  known 
ballistic  test  facilities,  making  contact  with  agencies  and  corporations  having  ballistic  test 
facilities  to  get  an  iilea  of  their  capabilities,  developing  aiul  coordinating  a survey  checklist 
and  selecting  from  a large  list  of  facilities  those  to  be  iiicludeil  in  this  survey.  I he  facilities 
surveyed  are  listed  in  Table  1.  (Tigures  and  tables  are  at  the  end  of  each  section.)  Also 
included  m this  phase  was  a pilot  survey  of  one  facility  in  the  Washington,  D.C.  area.  This 
pilot  survey  served  to  validate  the  survey  checklist  and  data  collection  procedures.  Tlie 
validated  survey  checklist  was  used  as  the  outline  for  the  annexes  describing  each  facility’s 
capabilities  and  is  shown  in  Table  2. 

Phase  2 

The  second  phase  consisted  of  visiting  the  selected  test  facilities  and  generating  draft 
capabilities  descriptions  for  each  facility. 

PljaseJ 

Idle  third  and  final  phase  consisted  of  coorilinating  each  annex  with  the  facility 
concerned,  modifying  the  drafts  as  necessary  to  incorporate  comments  from  the  facility, 
developing  ready  reference  summaries  of  various  aspects  of  the  facility  capabilities, 
coordinating  a final  draft  with  the  designated  representative  of  the  JTCG/AS  and  publishing 
a final  report. 

Details  of  .Approach 

liach  phase  of  the  project  was  subdivided  into  subtasks  to  facilitate  management  of  the 
overall  project.  Fhese  subtasks  are  discusseil  in  the  following  paragraphs  and  graphically 
portrayed  in  Figure  1 . 

Survey  Preparation  - Phase  1. 

DFVFLOPMFNf  OF  G0VHRNMF:NT  AND  INDUSTRY  FACILITY  l.IST- 
SUBTASK  1.  Fhe  development  of  a master  list  of  potential  facilities  to  be  surveyed  in  the 
initial  information  collection  effort  considered  covering  the  total  range  of  facilities  from 
laboratory  type  ground  test  facilities  through  aircraft  fliglit  test  centers  such  as  the  Naval 
Weapons  Center,  China  I^ke,  CA.  Only  in  this  manner  could  the  magnitude  of  the  tcital 
capability  as.sessment  effort  be  understooil. 

RFVIF.W  JTCC/AS  rF.Sl  RKQUIRFMENTS  - SUBTASK  2.  Meetings  with  the 
JTC(i/AS  Central  Office  and  subgroup  representativies  were  held  shortly  after  program 
approval  to  establish  an  understanding  of  the  current  ballistics  test  support  requirements. 
Iliese  meetings  established  the  facility  reiiuirements  to  support  tests  planned  in  the 
following  areas: 

1 . Strengthening  of  the  data  base  for  vulnerability  analysis  and  reduction 

2.  Evaluation  of  prototype  aircraft  hardware  survivability 

3.  Validating  design,  analysis,  arul  test  methodologies  for  vulnerability  reduction. 

In  addition,  the  current  threat  simulation  retiuirements  were  reviewed. 
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FACILITY  SFLFCTION  AND  THST  RFQUIRE:MF;NTS  REVIFW  COORDINATION 
WITH  JTCG/AS-  SUBTASK  3.  The  results  of  the  test  facility  survey  master  list 
development  and  the  review  of  the  latest  aircraft  survivability  test  requirements  were 
coordinated  with  the  JTCG/AS  Steering  Committee. 

DFVFL0PMF:NT  of  a facilities  checklist-  subtask  4.  A ballistic  test 

facility  survey  checklist  was  developed  by  modifying  the  checklist  developed  for  the  OTEA 
instrumentation  survey.  The  new  checklist  reflected  the  specific  test  requirements  of  the 
JTCG/AS  as'developed  in  Subtask  2. 

TEST  FACILITIES  VISITATION  LIST-  SUBTASKS.  At  this  point,  sufficient 
information  was  available  to  select  the  facilities  to  be  initially  surveyed  from  the  master  list. 
For  this  survey  effort,  the  selection  of  facilties  with  the  greatest  potential  for  meeting  the 
test  needs  of  ♦he  JTC(i/AS  was  indicated.  This  selection  was  a cooperative  effort  between 
BDM/RMC  and  JTCG/AS. 

PILOT  SURVEY  - SUBTASK  6.  As  part  of  attaining  the  project  goal  of  the  producing 
survey  reports  that  will  be  useful,  a pilot  survey  was  performed  and  a report  prepared.  The 
facility  to  be  surveyed  was  the  NOL  (Naval  Ordnance  Laboratory).  The  survey  will  be 
conducted  using  the  checklist  developed  in  Subtask  4. 

COORDINATION  WITH  JTCG/AS  - SUBTASK  7.  Tlie  coordination  and  approval  of 
the  pilot  survey  report  organized  according  to  the  checklist  format  was  the  primary  focus  of 
this  meeting.  Completion  of  this  subtask  constituted  completion  of  the  first  phase  of  the 
effort. 

Facility  Survey  - Phase  2. 

DRAFT  PRELIMINARY  FACILITY  ANNEXES  - SUBTASK  8.  Prior  to  visiting  each 
selected  facility,  the  BDM/RMC  teams,  using  the  checklist  outline,  prepared  a preliminary 
report  on  the  facility.  The  data  used  were  that  which  are  obtainable  from  local  sources  (such 
as  the  Pentagon)  and  information  on  hand  from  the  OTEA  survey  data  base.  Several  benefits 
resulted  from  this  technique.  The  BDM/RMC  teams  were  familiar  with  the  facility  and  its 
capabilities  prior  to  their  visit.  They  were  also  aware  of  the  potential  data  gaps.  This 
increased  the  effectiveness  of  the  facility  visit  since  most  of  the  time  was  devoted  to  filling 
in  these  gaps,  and  adding  any  new  information  supplied  by  the  facility  personnel. 

DRAFT  OUTLINE  OF  SUMMARY  VOLUME  - SUBTASK  9.  An  outline  of  the  basic 
contents  of  the  Survey  Summary  report  was  developed  based  upon  the  approval  of  the  pilot 
survey  results  and  the  approved  list  of  facilities  to  be  surveyed.  This  effort  was  accomplished 
at  the  same  time  the  facility  visits  were  being  arranged  and  the  capability  background 
searches  completed. 

DRAFT  SUMMARY  DOCUMENT  FOR  FACILITY  SURVEY  GUIDANCE - 
SUBTASK  10.  The  draft  summary  document  provided  the  BDM/RMC  teams  some 
perspective  as  to  the  relevance  of  each  facility’s  capabilities.  The  document  presented  the 
capabilities  and  associated  data  of  all  the  surveyed  facilities  in  summary  (generally  matrix) 
form  to  permit  rapid  identification  of  candidate  facilities  to  meet  given  test  requirements. 
The  information  presented  was  derived  from  the  detailed  data  in  the  facility  descriptions. 
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With  knowledpo  of  tlie  data  classifications  to  be  used  in  the  summary,  the  capabilities 
of  a facility  could  he  determined  according  to  the  summary  classifications  during  each 
facility  visit.  Iliis  procedure  resulted  both  in  improved  quality  of  the  summary  and  in 
reduction  of  the  time  required  for  its  preparation. 

MM.l)  SURVl  YS-  SUBI  ASK  II.  Only  after  completion  of  all  the  above  subtasks 
were  the  BOM/RMC  survey  teams  thoroughly  prepared  to  visit  each  facility.  If  properly 
prepared,  a single  facility  visit  should  provide  all  the  necessary  facility  capability  updating 
information.  One-  or  two-man  teams  visited  each  selected  facility.  Appointments  with  all 
critical  facility  personnel  were  arranged  prior  to  the  visit. 

Completion  of  Facility  Capability  Documentation  - Phase  3. 

COORDINATION  OF  FINAL  DRAFT  FACILITY  ANNFXFS  - SUBTASK  12.  All 
facility  capability  information  was  coordinated  with  the  facility  visited.  This  coordination 
was  accomplished  by  mailing  a final  draft  of  the  annex  to  the  primary  point  of  contact  at 
each  facility  and  receiving  his  comments  cither  by  mail  or  telephone. 

DRAFT  SUMMARY  COMPLITF.D-  SUBTASK  13.  A completely  coordinated  final 
draft  of  each  annex  was  generated  at  this  time  and  summary  report  information  finalized. 
At  this  time,  summarized  facility  capabilities  revealed  potential  test  support  gaps. 

COORDINATION  WITH  JTCO/AS-  SUBTASK14.  Summary  facility  capabilities 
along  with  potential  test  support  gaps  was  the  focus  of  this  meeting.  Guidelines  for 
preparing  the  final  summary  report  were  provided. 

COMI’LFTFD  FACILLIY  SURVFY-  SUBIASK  15.  The  final  facility  capability 
survey  information  is  presented  in  one  volume. 


REPORT  ORGANIZATION 

Following  this  introduction,  the  capabilities  of  the  36  facilities  surveyed  are  sum- 
marized in  matrices  covering  firing  capabilities,  instrumentation,  and  data  handling. 

These  summaries  are  designed  to  provide  the  user  of  this  report  with  a ready  reference 
system  to  help  (juickly  identify  which  facility(s)  have  specifically  desired  capabilities. 

Complete  details  on  each  facility  arc  contained  in  annexes  following  the  summary. 


SUMMARY  OF  IMPORTANT  DATA 


FIRING  CAPABILITIES 


I he  firing  capabilities  of  each  facility  are  summarized  in  Tables  3 and  4. 
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In  Table  3,  the  sizes  or  ranges  of  sizes  of  projectiles  which  can  be  fired  at  each  facility 
arc  listed  for  each  of  five  range  bands,  less  than  35  feet,  35  to  50  feet,  50  to  100  feet,  100 
to  400  feet,  and  giecte.  than  400  feet.  Also  indicated  is  the  capability  of  each  facility  to 
handle  high  explosive  projectiles  or  charges  and  the  limits  of  this  capability.  For  example, 
the  U.S.  AMMRC  (Army  Materials  and  Mechanics  Research  Center),  Annex  C,  can  fire 
projectiles  of  from  0.2  to  1 2.7  mm  at  ranges  of  less  than  35  feet;  0. 1 to  37  mm  at  ranges  of 
from  50  to  100  feet;  and  high  explosives  charges  of  up  to  1/2  pound. 

In  Table  4,  a slightly  greater  level  of  detail  is  presented.  Here,  the  data  are  presented  by 
range  band  for  each  individual  subfacility.  The  length  of  each  range  is  given  together  with 
the  identification  of  the  range,  the  size  projectiles  which  can  be  fired  and  the  types  of 
projectiles  which  can  be  fired.  For  example.  Range  3 at  AMMRC  is  20  feet  long  and  can 
handle  inert  or  incendiary  projectiles  of  from  5.56  to  7.62  mm. 


INSTRUMENTATION 

Die  general  instrumentation  types  available  at  each  facility  are  summarized  in  Table  5. 
F'or  each  facility,  an  indication  is  provided  as  to  whether  there  are  indoor  ranges,  outdoor 
ranges,  or  both;  what  types  of  photographic  capability  is  available;  whether  timing 
equipment  is  available  and  whether  telemetry  is  available.  For  example,  all  ranges  at 
AMMRC  except  the  Detonics  range  are  indoor  facilities;  x-ray,  high  speed  motion  picture 
and  still  photography  are  available;  timing  equipment  is  available  and  some  form  of 
telemetry  is  available. 


DATA  HANDLING/PROCESSING  CAPABILITIES 

A brief  list  of  data  handling/processing  capabilities  is  in  Table  6. 
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Figure  1.  Flow  Diagram  of  JTCG/AS  Ballistic  Test  Facility  Survey. 
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Tabic  I.  Detailed  Test  Facility  Description  Annexes. 


Annex 

Facility 

1 

Abbreviation 

A 

Arinanient  Development  and  Test  Center,  Elgin  Air  Force 
Base,  FL 

ADTC 

B 

Air  Force  Flight  Dynamics  Laboratory,  Wright-Patterson 
Air  Force  Base,  OH 

AFFDL 

C 

Army  Materials  and  Mechanics  Research  Center, 
Watertown,  MA 

AMMRC 

D 

Fustis  Directorate,  F'ort  Eustis,  VA 

AMRDL 

F, 

Ballistic  Research  Laboratories,  Aberdeen  Proving 
(iround,  MD 

BRL 

F 

Naval  Surface  Weapons  Center,  White  Oak  Laboratory 
(Naval  Ordnance  Laboratory),  Silver  Spring,  MD 

NOL 

r. 

Naval  Surface  Weapons  Center,  (Naval  Weapons 
Laboratory),  Dahlgren  VA 

NWL 

>1 

Naval  Weapons  Center,  China  Lake,  CA 

NWC 

I 

Alcoa  Technical  Center,  Alcoa  Center,  PA 

Alcoa 

J 

Bell  Helicopter  Company,  Fort  Worth,  TX 

Bell 

K 

General  Dynamics,  Convair  Division,  San  Diego,  CA 

Convair 

1. 

EMC  Corporation,  Ordnance  Engineering  Division, 
San  Juan  Capistrano,  CA 

FMC 

M 

Philco-Ford  Corporation,  Capistrano  Test  Facility, 
San  Juan  Capistrano,  CA 

Ford 

N 

H.  P.  White  l^iboratory,  Bel  Air,  MD 

H.  P.  White 

() 

L rv  Aerospace  Corporation,  Vouglit  Systems  Division, 
Dallas,  TX 

LTV 

P 

McDonnell  Aircraft  Company,  St.  Louis,  MO 

McDonnell 

0 

United  States  Steel  Research  Laboratory,  Monroeville,  PA 

U.S.  Steel 

R 

Southwest  Research  Institute,  San  Antonio,  TX 

SwRl 
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Table  1.  Detailed  Test  Facility  Description  Annexes  (Contd. ). 


Annex 

Facility 

Abbreviation 

S 

AAl  Cor  loration,  Baltimore,  MD 

AAl 

T 

Biopliysics  Division,  Biomedical  Laboratory,  liilgewood 
Arsenal,  MD 

Fdgewood 

LI 

Boeing  Aerospace  Company,  Seattle.  WA 

Boeing 

V 

Boeing  Company,  Vertol  Division,  Philadelphia,  PA 

Vertol 

W 

Denver  Research  Institute,  Denver,  CO 

DRl 

X 

Falcon  Research  and  Development  Company,  Denver,  CO 

Falcon 

Firestone  Coateil  Fabrics  Company.  Southgate,  CA 

.'irestone 

/. 

(ieneral  1 lectric  Company,  Armament  Systems  Depart- 
ment, Burlington,  VT 

Gi 

AA 

Goodyear  Aerospace  Corporation,  lingineered  Fabrics 
Division,  Akron,  Oil 

(ioodyear- 

Akron 

BB 

Goodyear  Aerospace  Corporation,  Arizona  Division, 
Litchfield  Park,  AZ 

Goodyear- 

AZ 

C'( 

Hughes  Helicopters,  Culver  City,  CA 

Hughes 

DD 

New  Mexico  Institute  of  Mining  and  Technology, 
Socorro,  NM 

NMI 

IF, 

Pacific  Technical  Corporation,  Santa  Barbara,  CA 

PATFC 

IF 

Picatinny  Arsenal,  Dover,  NJ 

Picatinny 

(it; 

Rockwell  International,  Canoga  Park,  CA 

Rockwell 

1111 

Sandia  Laboratories,  Albucjuerque,  NM 

Sandia 

11 

Ultrasystems,  Incorporated,  Phoenix,  AZ 

Ultrasystems 

JJ 

Uniroyal,  Incorporated,  Uniroyal  Plastic  Products  Division, 
Mishawaka,  IN 

Uniroyal 
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lablc  2.  Survey  Checklist  and  Standard  Annex  l-'onnat. 


A.  INTRODUCTION 

1.  Overview 

2.  Generic  Aircraft  Systems  (Subsystems)  Tested 
Surv ivability/ Vulnerability  I'acilities  Overview 

4.  Access 

5.  Maintenance/E'abrication  Capability 
(>.  Topistical  Support  Capability 

B.  INDOOR  I A(  ILH  H S 
I.  I'acility  Name 

a.  Dimensons 

b.  W'eapons/'I’rojectiles  Available 

c.  I tivironment 

d.  Live/lnert  i'ire 

e.  Safety  (and  Security  ) Reiiuirements 

f.  Power  Availability 

fi.  Observation/Communication 
h.  Instrumentation 

I ) In-I'lii’ht  Ballistic 

a)  Liser/I’hotography 

b)  Timing 

c)  Telemetry 
il)  Other 

2)  Terminal  Ballistic 

a)  Liser/I’hotojiraphy 

b)  Timing 

c)  Telemetry 

d)  Other 

C.  OUTDOOR  TAC  IUTII  S 
I.  I'acility  Name 

a.  Dimensions 

h.  Weapons/Projcctiles  Available 
c.  I nvironment 
il.  I.ive/inert  l ire 

e.  Safety  (and  Security)  Re(|uirements 
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Tabk‘  2.  Survey  Checklist  and  Standard  Annex  Format  (Contd.). 


f.  Power  Availability 

g.  Observation/Communication 

h.  Instrumentation 

1 ) In-Flight  Ballistic 

a)  Laser/Photography 

b)  Timing 

c)  Telemetry 

d)  Other 

2)  Terminal  Ballistic 

a)  Laser/Photography 

b)  Timing 

c)  Telemetry 

d)  Other 

3)  Environmental  Simulation  and  Measurement 

D.  DATA  HANDLING/PROCESSING 

1.  Data  Storage  and  Retrieval 

2.  Quick-Look  Capabilities 

3.  Processing 

a.  System  and  Model 

b.  Language(s) 

c.  Input/Output  Options 

d.  Realtime/Interaction 

4.  Distribution 

5.  Displays 

6.  Other  Items  Unique  to  this  Facility 
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lable  3.  Summary  of  Firing  Capabilities. 


Annex 

Fadlity 

Range,  ft 

HF:,lb 

.US 

.75  to  .50 

50  to  100 

1 00  to  400 

400 

A 

ADTC 

Frag- 1 2.7 

Frag-40 

4.3-75  mm 

B 

AFFDl 

Frag- .70 

Frag- .7  7 

( 

AM.MR( 

Frag- 12.7 

Frag- 12.7 

Frag- 20 

1/2 

I) 

AMRDl 

7.62-23  mm 

\ 

BRi 

Frag-2.^ 

Frag. 70 

Frag-57 

Frag- 1 52 

20-152  mm 

8 

I 

NOL 

Frag- 12.7 

6.35-50.8 

-50.8  mm 

1 1/2 

C 

NWL 

5.56-127 

-6 1 0 mm 

5000 

M 

NW( 

Frag- 5 7 

5.56-1 52  mm 

2000 

1 

Alcoa 

Frag- 20 

J 

Bell 

Frag-23 

Frag-23 

K 

Convair 

5..S6-20  mm 

23 

1 

FMC 

5.56-.S7 

-90  mm 

-81  mm 

1000 

.M 

Ford 

-40  mm 

-40 

N 

H.  P.  Wliite 

Frag- .70 

Frag-40 

5.56 

5.56-57 

O 

1> 

ITV 

McDonnell 

1 

i Frag-:0 

5.56-30 

Q 

U.S.  Steel 

Frag- 20 

R 

SwRI 

Frag-7.62 

5.56-57  mm 

5.56-105 

3 

•S 

AAI 

Frag- 20 

To  8-inch 
Frag7.62 

5.56-203 

I 

F.dgcwood 

Frag-7.62 

Frag- 20 

Frag-7.62 

Frag-7.62 

1/4 

u 

Boeing 

Frag-40 

Frag-40 

200 

V 

Vcrtol 

Frag- 20 

w 

DRI 

Frag-30 

200 

X 

Falcon 

Frag- 2.7 

200 

Y 

z 

Firestone 

GF 

7.62-20  mm 

Frag-40 

Frag-40 

10 

AA 

Goodyear- 

Akron 

Frag-2.7 

BB 

Cioodvear- 

AZ 

Frag- 1 4 

(■( 

Hughes 

Frag-40 

Frag-40 

1)1) 

NMI 

1 

7.62-1  20  rr  m 

Frag- 1 55 

1000 

II 

PATI  ( 

Frag- 2.7 

Frag-40 

II 

Picatinny 

Frag- 20 

20-203 

25 

(,(. 

Rockwell 

5.56-30  mm 

nil 

.Sandia 

Frag- 20 

-57 

5 

II 

I'ltrasysleins 

^rag-30 

JJ 

Uniroyal 

7.62-20  mm 

7.62-20  mm 
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Table  4.  Summary  of  F-iring  Capabilities. 


Kan^'C 

1 aality 

Si/c 

Projectile 

type 

35-fool  ranee 

30‘ 

AAl  t>ot  Indiun  Range) 

frag-20 

Incendiary;  No  HE 

.^0' 

( onvdir  (Ballistic  Test  1 acility) 

Irag-20 

Inert 

.10' 

1 ilgewood  (I  irst  Supplementary  Range) 

1 rag-7.62 

Inert 

.10’ 

(ioodyear-AZ  (Ballistic  Test  1 acility) 

I'rag-I4 

Inert 

.10’ 

L’.S.  Steel  (Ballistic  Range) 

Frag- 20 

Inert 

25’ 

Bell  (Ballisiic  Vulnerability  Laboratory) 

l•rag-23 

Inert 

25’ 

1 Mr  (Indoor  Ballistics  Range) 

I- rag-5  7 

Incendiary:  No  HF 

35’ 

NOl  ( Hypervclocity  Impact  Range  1) 

Frag- 12. 7 

Inert 

20’ 

AMMRC  (Range  3) 

FTag-7.62 

Incendiary:  No  HE 

20’ 

AMMRC  (Range  4) 

Frag-7.62 

Incendiary:  No  HE 

2‘'’ 

Hell  (Bell  Outdoor  Range) 

F rag-2  3 

Inert 

20’ 

BRl.  (Turbojet  Fngine  Test  I uing  Range) 

Frag-23  (1/2-lb  HE) 

Live 

20’ 

Sandij  (Ctuns  1 acility) 

Frag-20 

Inert 

19’ 

URL  (Kiperimenial  Lxplosivcs  Area) 

Frag-I 7.5 

Inert 

16' 

AMMRC'  (Detonics  1 acility) 

(1/2-lb  HE) 

Live 

12’ 

I dgenood  (Second  Supplementary  Range) 

Frag-5.56 

Inert 

10’ 

NOL  (Lxplosion  Dynamic  Impact  f acility) 

2.54-20  mm 

Live 

9’ 

BRL  (Range  R-7A) 

'2000  grain  frag. 

Live 

Lov^  ft 

NOl  (Air  Launched  Shock  Test  Facility) 

52-127  mm 

Live 

Liiw  ft 

Boeing  (Impact  Mechanics  Laboratory) 

Frag-40 

Incendiary:  No  HE 

35-  to  5Q*foot  range 


42’ 

Hughes  (500-Inch  Ranges) 

Frag-40 

Inert 

40’ 

ADT('  (Terminal  Ballistic  Instrumentation  Site] 

Frag- 12.7 

Inert 

40’ 

Alcoa  (Ballistic  Firing  Range) 

Frag- 20 

Incendiary  No  HI 

40’ 

I aicon  (Vertical  Range) 

Frag-23 

Live 

35’ 

AMMRC  (Light  (ias  Launching  Facility) 

Frag- 12.7 

Inert 

35’ 

BRL  (Indoor  lest  Firing  Range) 

I rag- 30 

Inert 

35' 

FAUX'  (Indoor  Range) 

Frag-23 

Incendiary : No  HF. 

35’ 

SwRI  (Impulsive  Loading  Laboratory) 

Frag-7.62 

Live 

35’ 

H.  P.  White  (35-Foot  Ballistic  Range) 

5.56-30  mm 

Inert 

50-  to  1 00-fool  range 

90’ 

SwRl  (Terminal  Ballistic  L.abaratory) 

5.56-57  mm 

Live 

83’ 

Hughes  ( l00(Flnch  Indouf  Range) 

Frag-40 

Inert 

83’ 

Hughes  ( l(X)Olnch  Indoor/Outdoor  Ranges) 

LTag-40 

Inert 

83’ 

McDonnell  (Bldg.  1 3C  Gunfire  Test  Facility) 

Frag-20 

Live 

80’ 

NWC  (Aircraft  Survivability  Range) 

Frag-57 

Live 

80’ 

Vertol  (Ballistic  Test  Facility) 

F'rag-20 

Incendiary  No  HF 

75’ 

Firestone  (Ballistic  Test  Range) 

7.62-20  mm 

Incendiary:  No  HF 

75’ 

Gmidyear-Akron  (Gunfire  Range) 

Frag-23 

Live 

75’ 

McDonnell  (Bldg.  62  Gunfire  Facility) 

12.7-14.5  mm 

Incendiary : No  HE 

75’ 

IJniroyal  (Non-Incendiary  Range) 

7.62-20  mm 

Inert 
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Table  4.  Summary  of  I'iring  Capabilities  (Contd  ). 


Range 

1 acility 

Si/e 

Pro|cctile 

type 

50-  In  100-foot  range  (conld.) 

ly 

AAI  (70-1  t)oi  Imloor  Range) 

1 rag-30 

Incendiary  Nt>  HI 

h5‘ 

ORl  (IVnetration  1 acilily) 

1 rag- 30 

Inert 

h0‘ 

■M  1 Di  (Range  3) 

1 rag- 3 7 

live 

60' 

McDonnell  ( HUIg.  I3('(luntire  leM  laulity) 

1 rav-20 

1 ive 

54* 

I (Mam  Range) 

1 ia)f20 

Ineendiary  No  Hi 

55’ 

HRl  (lllaM  Sphere  1 acility) 

7-57  (S  I),  III  ) 

I ive 

50' 

AMMRt  lK.ini.-e  1) 

5.56-20 

Incendiary  No  Hi 

50' 

AMMKC  (K.ini-e  2l 

5.56-20 

Incendiary  No  HI 

50’ 

HRl  1 IIcIk  opter  Main  lOade  Mallistic  lest  1 ;u  liiiy  ) 

1 f.,).--23 

1 ive 

50* 

H.  P.  W hue  ( All  Ancle  1 iring  Pit) 

5.56-40 

1 IV  c 

100-  1,1  400.|,)„1  uni-T 

J5U' 

Rock'AcU  ( Happv  Valley  (ivmfiic  Kange-1  pper) 

1 ra);-.30 

1 ive 

32«' 

1 dgevvood  ( lOO-Meler  Range) 

1 rag-7.62 

Inicndiary  No  HI 

300' 

A \I  ( K)0-^  ard  Indoor  Range) 

1 tatt-20 

Incendiary  No  HI 

300' 

M)l(  ((iun  System  Test  1 acility) 

1 tuK-40 

Inert 

30f)’ 

Al  1 DI  ( Range  2) 

1 rag-37 

I IV  e 

300' 

liell  (Remote  lest  I acility) 

1 ra(.’-23 

I ive 

300’ 

I MC  (Site  1 - Dolomite  (Quarry) 

■90  (1000-16  III  ) 

1 ive 

300’ 

NOl  (Pressun/ed  Ballistic  Range) 

1 fa)!-50.8 

Small  Point  Detonating 

300' 

Rockwell  (Happy  Valley  (iunllre  Range-1  ower) 

1 rag-30 

live 

500’ 

riUasystcms  ( Ballistic  l est  Range) 

1 ias-30 

1 ive 

300' 

M.  P.  \Mute  ( 100-Vard  Indoor  Ballistics  Range) 

1 rag-30 

Inert 

275' 

Al  1 1)1  (Ran).-!.-  1) 

1 ra)!-23 

Ineendiary  No  HI 

260' 

(»1  ( Munitions  lest  Area) 

1 ra):-40 

l.ivc 

250' 

l.niroyal  (Incendiary  Range) 

7.62-20 

Ineendiary ; No  ttt 

250' 

ADK  (ItAKS  1 aniilyl 

1 ia);-40 

Inert 

230’ 

1 ord  ((iun  Range  1 ) 

1 ta(.-30 

Live 

200’ 

DKl  (Denver  1 ederal  ( enter  ( acility) 

1 rat;-30 

Inert 

200’ 

NMI  ((  lill  Site) 

7.62-.30 

Live 

20(1* 

NMl  (Mill  Tnr  Site) 

7.6  2- 120 

Live 

200’ 

NMI  (Structural  lesting  ( ornples) 

7.62-30 

Live 

200’ 

NMI  (Ballistic  Mfects  Dynamic  Data  Device) 

7.62-30 

Live 

IhO’ 

NWI  ( Machine  (iun  Range) 

7.62-127 

Live 

ifitr 

Picatinny  (Range  620) 

1 rag-20 

Inert 

150’ 

AMRDI  lltIKACS) 

7.62-23 

Live 

1 50’ 

1 IV  ((luntire  lest  I aulity) 

1 tar  30 

Live 

135’ 

ADK  ( lerminal  Ballistics  1 acilily) 

t rag- 30 

Inert 

1 10’ 

Rockwell  ( tunnel  (>untire  Range) 

5.56-30 

Live 

too’ 

AAI  (<>uafr>  Ranges) 

■203 

Live 

100* 

ADK  ( terminal  Ballistics  I acility) 

1 tag- 30 

Inert 

100' 

AMRDI  (ttallistics  Range) 

7.62-30 

Live 

1 00’ 

Bkl  (utility  Outdoor  Range) 

1 ia|t-57 

live 

KM)’ 

1 ord  (Special  I eM  Site) 

1 ra)t-40 

Live 
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Fable  4.  Summary  of  Firing  Capabilities  (Contd.). 


Ran^e 

1 acility 

Size 

Projectile 

type 

40()-foot  range 

37  mi 

NWC  ( Missile  1 inng  Ranges) 

■I.arge  caliber 

Live 

37  nil 

NWr  (Missile  Kallistic  Ranges) 

•Large  caliber 

Inert 

25  mi 

NWI.  (Mam  Range) 

-406 

Live 

25  mi 

NWI  (.<Vnli- Aircraft  f use  Ran^e) 

-203 

Live 

25  mi 

NWI.  (Missile  Range) 

(1 00-lb  HI  ) 

Live 

bSbT 

I’ATl  ('  (('amp  Roberts  l acility) 

1 rag-40 

Live 

4925' 

NMl  (Valley  Site) 

1 rag-155 

Live 

461HV 

(it  (Vehicle  and  Helicopter  Rangel 

1 rag -40  mm 

Inert 

3281' 

l ord  (1000-Meter  Range) 

-40 

Live 

3281’ 

NMl  (West  Valley  Test  I'acility) 

I rag- 155 

Live 

3281’ 

NWC  (Small  Caliber  tlun  Range) 

-20  mm 

Live 

3281' 

NWC  (<;un  Target  Range) 

-Large  caliber 

Live 

CMC  (Site  2.  Hollister  1 acility) 

-81  (150-lb  HE) 

Live 

2200' 

ADT(' (Terminal  Ftfecls  Experimentation  l acility) 

-75 

Live 

2000' 

AI)T(' (Gunnery  Ballistics  F acility) 

-30 

Live 

2000’ 

SwRI  (Camp  Bulbs  1 acility) 

-Artillery 

Live 

1642' 

hdgewood  (500-Meter  Range) 

lrag-7.62 

Incendiary:  No  HE 

1 500' 

SwRI  (Terminal  Ballistics  Laboratory) 

5.56-57 

Live 

1313' 

H.  P.  White  (400-Meter  Ballistic  Range) 

5.56-57 

Live 

1 000' 

Nor  (1000-1  oot  Hyperballistic  Range) 

-50.8 

Small  Point  Detonating 

1000' 

NWL  (Terminal  Range) 

-610 

Live 

821' 

1 ord  ((jun  Range  1 ) 

1 rag-30 

Live 

821' 

1 tird  (Oun  Range  2) 

1 rag- 30 

Live 

741, 

1 ord  (Turret  Range) 

-40 

laive 

700’ 

ADT('  (Aeroballistic  Research  1 acility) 

4.3-40 

Inert 

675’ 

BRl.  (I.arge  Caliber  Penetration  Range) 

20-152 

Live 

600’ 

or  (Main  Range) 

1 rag-40 

Inert 

400’ 

Picatinny  (Range  636) 

20-203 

Inert 

400’ 

Picatinny  (Range  1242) 

20-203 

Live 

2400  acrc^ 

C'onvair  (Sycamore  Site) 

-23  mm 

Live 

2200  acres 

Boeing  (Tulalip  Test  Site) 

|■rag-4()(l()-lb  HE) 

Live 

14 
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l iililc  5.  Summary  of  Instrumentation. 


I aality 

Photo 

Timing 

Telemetry 

.\1)TC 
( lmlo<')r) 

,X1IS 

Yes 

No 

(Outiioor) 

XllS 

Yes 

Yes 

( liuloor) 

XHS 

Yes 

Yes 

(Outiioor) 

II 

Yes 

Yes 

(All  imioor  except  iletonics) 

XHS 

Yes 

Yes 

( Detonics) 

XHS 

No 

Yes 

AMR  1)1. 
(Outdoor) 

HSV 

Yes 

Yes 

BRL 
( Indoor) 

XHS 

Yes 

Yes 

(Outdoor) 

FIS 

Yes 

Yes 

NOL 

(Indoor) 

XHS 

Yes 

Yes 

(Outdoor) 

XH 

Yes 

Yes 

NWl. 

( Indoor) 

HS 

Yes 

Yes 

(Outdoor) 

HS 

Yes 

Yes 

NW(’ 

(Outdoor) 

HS 

Yes 

Yes 

Alcoa 

(Indoor) 

S 

Yes 

No 

Bell 

(Indoor) 

XH 

Yes 

Yes 

(Outdoor) 

H 

No 

Yes 

C'onvair 
( Indoor) 

II 

Yes 

Yes 

(Outdoor) 

1 MC 
(Indoor) 

XH 

No 

Yes 

(Outdoor) 

HS 

Yes 

Yes 

F'ord 

(Indoor) 

XH 

Yes 

Yes 

(Outdoor) 
H.  P.  White 
(Indoor) 

XHS 

Yes 

Yes 

(Outdoor) 

HS 

Yes 

Yes 

LTV 

(Outdoor) 

II 

Yes 

No 

15 
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Table  5.  Summary  of  Instrumentation  (Contd.). 


Facility 

Photo 

Timing 

Telemetry 

McDonnell 

(Indoor) 

H 

Yes 

Yes 

U.S.  Steel 
(Indoor) 

HS 

Yes 

No 

SwRI 

(Indoor) 

XHS 

Yes 

Yes 

(Outdoor) 

XHS 

Yes 

Yes 

AAI 

(Indoor) 

XHS 

Yes 

Yes 

(Outdoor) 

XHS 

Yes 

Yes 

F.dgewood 

(Indoor) 

XHS 

Yes 

Yes 

(Outdoor) 

XHS 

Yes 

Yes 

Boeing 

(Indoor) 

XHS 

Yes 

Yes 

(Outdoor) 

XHS 

Yes 

Yes 

Vertol 

(Indoor) 

HS 

Yes 

Yes 

DRI 

(Indoor) 

XHS 

Yes 

Yes 

(Outdoor) 

XHS 

Yes 

Yes 

Falcon 

(Outdoor) 

HS 

Yes 

Yes 

Firestone 

(Outdoor) 

HS 

Yes 

Yes 

GE 

(Outdoor) 

XHS 

Yes 

Yes 

Goodyear-Akron 

(Outdoor) 

HS 

Yes 

Yes 

Goodyear-AZ 

(Indoor) 

HS 

Yes 

No 

Hughes 

(Indoor) 

HS 

Yes 

Yes 

(Outdoor) 

HS 

Yes 

Yes 

NMl 

(Outdoor) 

XHS 

Yes 

Yes 

PATEC 

(Indoor) 

XHS 

Yes 

Yes 

(Outdoor) 

XHS 

Yes 

Yes 

Picatinny 

(Indoor) 

XHS 

Yes 

Yes 

(Outdoor) 

XHS 

Yes 

Yes 

JTCG/AS-76-D-001 


Tabic  5.  Summary  of  Instrumentation  (Contd  ). 


Facility 

Photo 

liming 

Telemetry 

Rockwell 

( Indoor) 

XllS 

Yes 

Yes 

(Outdoor) 

XIISV 

Yes 

Yes 

Sandia 

(Indoor) 

MS 

Yes 

Yes 

(Outdoor) 

IIS 

Yes 

Yes 

Ultrasystems 

(Outdoor) 

MS 

Yes 

Yes 

Uniroyal 

i 

(Outdoor) 

IIS 

Yes 

Yes 

LIX-ihND:  X = x-ray;  II  = high-speed  photo;  S = still;  V = video  tape. 
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Table  6.  Summar>'  of  Data  Handling/Processing  Capabilities. 
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Unique 

Distribution 

Realtime 
to  1 day 

24  to  48 
hrs 

1 day 

24  hrs 

Photo 
30  min 
to  1 
week 

1 day 
24  hrs 

Realtime 

Yes 

CCTV 

Yes 

DP9810A 

None 

None 

None 

None 

1 

In/Out 

Language 

Compass 

Fortran 

Cobol 

Sort/Merg 

Mars  VI 

Mimic 

Fortran 
W & V 

Fortran  IV 

Fortran 
Forast 
Omni  tab 

Compass 

Fortran 

Snobol 

Simscript 

Cobol 

Basic 

Compass 

Fortran 

Snobol 

Simscript 

Cobol 

Basic 

System 

2-CDC  6600 
1-lBM  360/65 
1-B3500 

HP2100S 

CDC6600 

Univac  1 106 

IBM  360/65 
CDC6600 
Univac  1 108 

BRLESC 
1 & 1 1 
IBM  1401 
FAL6dO 

CDC:  6500 

CDC6700 
3XCPU 
CDC  14173, 
1774,  6713 

Quick-Look  1 

Photo 
7 min  to 
1 day 

Oscillograph 
Counters 
Temp  records 
CCTV 

Photo 
30  min 

Oscillograph 

Videotape 

Photo 
30  min 

Photo 
10  min 

Minutes- 

Photo 

Storage  Ret 

Card 

Tape 

Card 

Tape 

Cards 

Tape 

7-9  track 
Cards 

Card 

Disk 

Tape 

Photo 

Cards 

Tape 

Disk 

Facility 

ADTC 

AFFDL 

AMMRC 

AMRDL 

BRL 

NOL 

NWL 

18 
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Table  6.  Summary  ot  Data  Handling/Processing  Capabilities  (Contd.). 


JTCG/AS-76-lH)01 


Unique 

Vanguard 

motion 

analyzer 

Distribution 

50  firings 
to  1 day 

Data 

dependent 

Immed  to 
overnight 

2 min  to 
overnight 

Immed 

Immed  to 
overnight 

Immed 

Realtime 

None 

HP2005C 

Yes 

Yes 

Yes 

Yes 

In/Out 

Card 

Card 

Tape 

Line 

Print 

Standard 
Calcomp  738 

Standard 

Calcomp 

Standard 

Calcomp 

Standard 

Standard 
Calcomp  936 

Language  | 

Fortran 

Compass 

Cobol 

Basic 

Fortran 

Cobol 

Fortran 

Cobol 

Basic 

PL/1 

ARC 

Common 

Fortran 

Basic 

Algol 

Cobol 

PL/1 

Fortran 

Basic 

System 

CDC  6500 

Data  Gen 
Super  Nova 

Gen  Auto  18/30 
IBM  370/165 
Interdata  70 

Univac  1 108 

Available 
if  required 

IBM  360/65 
IBM  370/158 

Burroughs 

B6700 

Gen  Auto 
SPP- 16/85 

Quick- Look 

None 

1 min/ 

1 day 

30  min 
15  min 

24  hrs 

2 hrs 

Immediate 

Immediate 

Storage/Ret 

1 Cards 
Data 
Sheets 

Card 

Tape 

Disk 

Card 

Tape 

Disk 

Papertape 

Card 

Tape 

Disk 

Film 

Trace 

Tape 

Card 

Tapie 

Disk 

Plots 

Card 

Tape 

Disk 

Card 

Disk 

Tape 

Facility 

U.S.  Steel 
SwRl 

AAI 

Edgewood 

Boeing 

Vertol 

DRl 

Falcon 
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ANM  X A - INI  KODl  (’IION 


()\  I K\  II  \N 

I Ik'  \I)|(  I Arm.iiiK'iil  I )wi.l(ipiiK'nl  .iiul  I ^ si  ( i nli.T),  I i;lm  Ait  lorLi.- 

H.isv  , I 1,  IS  lowiti'il  (.lose  lo  I orl  U.illoii  Hi-.u  li  in  niiriln,vi.-st  I lorul.i  on  lloikl.i 

Sl.iK'  Ku.nl  Ilk’  I'rmi.ir',  Miissinn  ni  ilk-  \1)|(  iiulikliiu;  Al  \l  ( \ir  I orsk-  \iin- 

.ink’iit  I .liior.itoi > I IS  Ilk-  ili-vv-lopiik-iil . ti.-siin!'.  .iiul  iiiilul  proi.  iirt-iik-nl  ol  pukK-d 
.ind  iiii.L’uidi.-d.  noiiiiik Ic.ir  immilkiiis.  Ksimn  prim.iriK  invnKi-s  Air  I ntc-,  systi-ms, 
vsilli  limiU-il  loinl  soiAkk-  .iiid  (>tlk-i  si-ivk-c  svsU-m  U-simp.  Sikli  tosliiij;  iikliidcs. 
.iii-Io-vnuiikl  iiiiinil iiiiis.  .III.  I. ill  pun  s\sK-ms  .iinl  iminilinns.  .iir-lo-;iir  niissilos,  olcc- 
Iri'iik  vs.iil.in-  sysiiiiis.  mnii-s.  lu.k-s.  .ind  .k-ii.il  l.irpots.  Ilk-  l.iiid  U-st  cniiipk-v  nl 
r.inpis  .md  l.kiliik-s  ..nvi-rs  iiinri.-  Ili.in  7s()  sipi.iri-  niili.-s.  lo  .Kkoinplisli  iliis  loslinp. 
Al)l(  li.is  ,1  \.irk-l\  nl  . ,ip,il)i!ii k-s  iiKludiiit:  .1  klim.ilk  li.iiip.ir  l.ilmr.ilory . indoor  .ind 
ouldoor  I'.illisik  r.mpcs.  i.-\plo-.iv\-  Ksl  Uuililk-s.  onin.iikk-  l.-sl  r.iiipcs.  Iu/l-  K-sI 
l.kilily  .Hill  m.iiu  oilk-r  suppoil  i;ip.il'ililk-s  sin.li  .is  Iln.-  ( ompiiU-r  Sck-tui-s 
1 .ibor.ilory . 

Ilk-  maioriiy  ot  Ilk-  I'.illisiks  .iiul  ordn.iik-o  U-st  ranpc  i-lYorls  arc  iind..t  Ihc 
,'24(itli  lest  Unis;.  I lie  priiii.iry  point  ol  conlact  tor  use  of  these  l.kililies  is 

1(01  Ihoiiias  1 k-lilsi  l(,l‘\1|.  telephone ‘n)4-HX:-4:.Sb. 

1 he  indooi  pun  tunnels  .md  U AKS  ( Ihilhstie/Aerodynaniie  Keseaieh  Svsienisi 
l.kihty  .ire  uiidei  the  eopiii/anee  ot  the  Al  Al  . I’niii.iry  point  ol  eont.iel  coneerniiip 
lestinp  111  these  t.ieihlies  is  (Ol  James  .1  -lies  ( I )1  \ ).  telephone  d()4-X,S2-4444. 

(.IMKK  \IK(K\M  SVSI I MS  (SliHSYSI  I MSI  HSIN) 

Ilk-  \l  \1  pertoriiis  viilnerahihty  tesinip  ol  eoniplele  .ineratt  systems  .ind  suh- 
sy  stems  such  .is  mps.  Iiiselape.  propulsion  systems,  and  liiel  cells.  Kepresent.ilue 
.iiri.r.iti  Used  .is  i.irpels  .ire  the  A-4.  I -ls4l  . .md  I 402. 


SI  KvivMJii  in  VI  I vi  i< \|{|i  II Y I Adi  im  s ovi  kvii  w 

Ilk-re  .ire  loin  indoor  and  lour  outdoor  h.ilhstic  lest  t.kihlies  loc.ited  .it  \l)l(. 
I wo  ol  the  indoor  and  one  ol  the  outdoor  lacihties  .ire  devoie-l  lo  in-llipht  h.il- 
hslks  teslinp  with  the  rem.imder  heinp  primarily  used  tor  ternini.il  n..'bstics  nilor- 
m.ilion.  In  .iddiiion  there  are  sever.il  III  (hiph  explosive)  test  .ire.is  lor  stalk  tesinip 
ol  warheads  to  obtain  Irapment  p.itlerii.  velocity,  and  ni.iss  disiribiilion  nilornial ion. 
I hese  la..ihlk-s  h.ive  nisiriimeiiled  ballistic  ranpes  Iroiii  .i  tew  teet  lo  20(H)  leel  .md 
v.iry  Irom  the  lull  sp'-ctrum  ol  .ill itiide  lempeiatiire  eiivironnieiila!  siimil.ilioii  lo 
.imbienl  .it mospheric  conditions.  I he  indoor  and  two  ol  the  ouldoor  ranpes  .ne 
restrkled  to  inert  proiectiles.  I he  other  outdoor  ranpes  can  accomniod.ile  explosive 
detoii.ilnip  rounds  up  to  lO.S-mm  in  si/e. 
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\(  ( I ss 

Ilk'  \l)|(  h.is  LAci'lk'iil  .Kki'ss  In  ro;ul  IiiUtsI:iIo  10  :iiul  H.S.  Iligliw:i\  SS  loi 
^Msi-uisl  mini'iiK'nl  .iiul  Noml.i  SliIl-  Rn.ul  S5  Ioi  noith-soiilli.  I iiliii  Air  I oiw 
pimuk's  o\i.L’lk-nl  .III  l.k  ilitk's  lor  Milil.irs  ;md  Soul  horn  Airwiiys.  comiik’i\  i;il.  K.iil 
.kii'ss  iiiiunlK  exists  Mil  ;i  i’mi'miik’iil-o\Mk'd  spur  line  conik-Llmu  with  the 
louisMlIe  .ind  N.ishville  R.iilriKid.  W.iter  excess  h>  Ikil  hollom  biirue  is  possible,  but 
no  deep  \s.iter  poll  is  .iv.iil.ible. 

MMMIN\N(l  I \RKK  AilON  ( Al’AHII  II  Y 

I he  iii.iinlen.in .e  .ind  riibrieation  eiipiibilities  ;ii  ADK  lire  superior  to  those 
louiiil  .It  most  test  lik.itions.  riiniiini;  Ironi  liiboriitory  precision  morlelinp  to  miiior 
m.khme,  sheet  metid,  .ind  liberirliiss  shops.  In  iiddition,  a capability  exists  lor  the 
desien  .ind  l.ibrie.iiion  ol  special  instrumentation  lor  any  testini:  conducted  at  ADK  . 


UX.ISIK  \l  SI  IM’OIU  ( Al'Aim  ilY 

Norm.il  loeistk  support  capability  exists  associated  with  a military  install.it ion  ol 
this  si/e.  \umeroiis  cnln.iiice  storage  bunkers  exist  in  the  central  ordnance  storage 
.ire.i  111  I elm  An  I oicC  Rase.  Storage  time  allowed  lor  test  items  is  commensurate 
with  the  leneth  ot  the  test  series.  Small  secure  storage  areas  ai\'  associateil  with 
some  ol  the  lest  l.icihties  vcitli  i|uanlities  and  duration  of  storage  severelx  limited. 


VII  II  \RV  IMIS  M \RRY 

len.mt  mihtarx  oigani/.itions  on  the  I ghn  Ait  I oiee  Rase  complex  are: 

1.  Army 

Aiinx  R.inger  School 

2.  Mihl.iry  \irhll  ( (unmand 

.I'MIi  Aerospace  Rescue  and  Recovery  Wing 
Det.iehment  10.  (>th  Weather  Wing 

I.Ktic.d  Air  ( ommaikl 
I ;\W(  ( lactic.il  Air  Warfare  ( eiiterl 
Special  Operations  Wing 
.V^rd  I.ictkal  I ighter  Wing 
.SS?!!!  < ivil  I ngineering  Si|uadron 
Ol'tih  lactkal  Aiihit  < iroup.  Reserve 
AOOS  ( Air-(  irouiul  Operations  School) 
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4.  AiTospacc  DctVnso  Cominaiul 
2()lli  Surveillance  Siiiiadron 

5.  Air  I oree  ( oinmunieat ions  Service 
l'>72iul  ( 'oiniminicat ions  Si|iiailron 

(iOVI  RNMl  N I INSTALLATIONS  NLAKBY 

1.  Pensacola  Naval  Air  Station  (50  miles) 

2.  lyiulall  Air  I orce  Base  ((>5  miles) 

3.  Naval  Coastal  Systems  laboratory  (00  miles) 

4.  Port  Rucker.  Al.  (100  miles) 


INDOOR  FAC  I UTILS 


ALROBALLISTIC  RLSLARCH  l ACILITY  (Rant-e  A-22) 


I he  Aeroballistics  Research  l acility  is  a 700-root-loni’  exterior  ballistics  tunnel 
ol  which  655  leet  can  be  mstrumenteil.  The  first  200  feet  of  the  tunnel  has  a 
cross-section  ol  12lt“,  while  the  final  500  feet  is  I6tt“.  Ihe  “wiiuiow”  or  cross- 
section  covered  by  the  instrumentation  is  7 1, 2 feet  in  iliameter. 

Weapons /Project lies  Available 

At  present,  only  single-shot  firint’s  are  slated  for  the  facility  usinj;  Mann  barrel 
tirin}>  lixtures  ol  varied  si/.es  accrimmodat int:  from  .17  caliber  to  40-mm  tmii 

jrrojectiles. 

> Liivironnient 

riiere  is  no  capability  for  environmental  control.  All  firiniis  conducted  at 
ambient  atmospheric  coiulitions. 

Live/ Inert  l ire 

* 

Only  inert  projectiles  will  be  fired. 

Siifety  (ami  Security)  Re<|uiremeiits 

Classified  materials  and  eciuipment  can  be  accommodated.  All  safety-related 
^ lunctions  are  controlled  by  central  control.  No  personnel  are  allowed  to  obser.e 

outsiile  of  the  control  room  durin}>  operations. 
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I’owiT  y 

lU'c;iUM’  ol  iiuloor  aiul  liijzlily  coiitrollocl  nature  of  this  I'aeility,  power  avail- 
ability lor  weaiion  usage  ranges  from  NO,  220,  anil  440  VAC  to  28  V|)C. 

Observation  Coininuiiiealioii 


Inlereoin  communications  aiul  control  room  observations  are  the  only  capabil- 
ities m this  area.  No  remote  television  capability  is  deemed  necessary. 

Iii->  liglit  liallistic  [nstrumenlation 

1 ASI  K,  IMIO  ICKiKAlMlV.  A total  of  131  data  recording  stations  are  spaced  at 
‘ 5- Too  I intervals  along  the  length  of  the  tunnel,  lifty  sets  of  instrumentation  each 
M’t  composed  of  hori/ontally  and  vertically  directed  cameras  with  built-in  illuminated 
fiducial  markers  and  numerical  displays  of  calibration  data,  mission  numbers  and 
timing  information,  spark  illuminators  and  IK  (infrared)  “trigger"  screens  can  be 
deployed  at  these  stations  to  obtain  data  for  the  determination  of  cyclic  angular 
motion  and  drag  coefficients  of  the  projectiles.  1 \pected  accuracies  obtainable  are 
0.01  inch  in  position  and  1 /20th  degree  in  yaw  and  pitch. 

A cyclic  chronograph  can  be  used  at  each  station  to  measure  velocities  up  to 
2000  It /sec  using  a 6000  revolution 'min  rotational  speed. 

I INI  I \(  I.  l iming  is  accomplished  by  electronic  counters  m conjunction  with  the 
light  detectors  and  chronographs.  Numerical  time  dis|ilays  are  recorded  on  each  film 
pl.ite  and  displayed  in  realtime  in  the  central  control  room. 

II  I I \1 1 I K '>'■  None  is  available  other  than  hardwired  timing  information. 
lerminal  Hallistie  Instnimenlalion 

None  is  currently  available. 

I'livironmental  Simulatiuii  and  Measurement 


No  environmental  simulation  control  is  available. 

Planned  ^,.\^)ansi(>n  Modification 

Installation  ol  fl.ish  \-ray  ei|uipment  in  blast  chamber  between  gun  nui/./le  and 
instrumented  tunnel  to  obtain  intermediate  ballistics  while  the  projectile  is  still  under 
the  mlluence  ol  nui//le  blast  is  planned  by  I July  ld75,  when  tunnel  reaches  full 
operational  capability. 
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TI  RMINAL  BALLISTICS  FACILITY  (Range  A-22) 
Dimensiiiiis 


I wo  miloor  giiti  tunnels  are  in  operation  tor  obtaining  terminal  ballisties  infor- 
mation. I unnel is  lOOIeet  long  by  Sleet  high  by  lOleet  wide.  I unnel  10  is 
1,^5  teet  long  In  7 feet  high  by  10  feet  witle. 

Weapons  Projeeliles  Available 

M.inn  barrels  are  available  in  si/.es  from  .‘>.56  to  .^0  mm  for  projeeting  frag- 
ments and  t'rojeetiles  at  veloeities  up  to  6000  tt /see. 

rnvironmenl 


I here  is  no  environmental  eontrol  in  these  tunnels. 
Live  Inert  l ire 


Only  inert  projeetiles  are  fired. 
Sifelv  (and  Se'eurilv  ) Re(|uiremenls 


Safety  is  eontrolled  from  the  eontrol/instrumentation  room.  Seeure  storage  is 
available  in  an  adjacent  building. 

Power  Availability 

220  volt  .Aphase  power  is  available  in  the  instrumentation  room;  only  standard 
I 10-volt  eommereial  pviwer.  available  in  the  tunnels. 

Observation  Coinmuniea tin n 


No  realtime  observation  is  allowed,  lunnels  are  evacuated  for  firings. 

In-Flight  Ballistic  Instrumentation 

Only  terminal  ballistic  instrumentation  is  available  other  than  light  screens  for 
veloeily  determination  (>rior  to  target  impact. 

Terminal  Ballistic  Instrumenlalion 

1 ASI  K PIIOIOtiKAPIlV.  lerminal  effects  information  is  obtained  at  and  be- 
hind the  target  material  with  one  150kV  muhtple  flash  cine  x-ray  system  and  one 
.WOkV  multiple  tube  system  (three  orthogonal  pairs).  Six-speed  graphic  eatneras 
eoupleil  with  a 1 6-pulse  strobe  generator  can  also  be  accommodated  in  the  terminal 
area,  (^uick-look  processing  of  x-ray  film  is  accomplished  at  the  facility  within 
7 minutes  ol  tiring.  Accuracies  obtainable  are  iO.  Tr  in  velocity  and  ±0.019f  in 
masses  and  the  jirojectiles  and/or  fragments. 
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I IMIN(  i.  I immj;  is  provitloil  by  electronic  counters  to  i iiscc  accuracy. 

IM.I  Ml  I K'S  ■ Only  hanlwireil  gun  tunction  aiul  target  impact  events  are 
nionitoreil. 

I'-iivironmenlal  Simulation  and  Measurement 

No  environmental  contrt)!  capability  exists  in  these  tunnels. 

Planned  Lxpansion/Mudincatiun 

No  modilication  are  planned  at  this  time. 


TLRMINAL  BALLISTICS  INSTRUMENTATION  SITE  (Range  A-22/Bldg.  415) 
Dimensions 


The  Terminal  Ballistics  Instrumentation  site  contains  a TO-foot-long,  2-stage, 
powder/helium  hypervelocity  projector  with  a 3(>-inch-diameter  target  chamber. 

Weapons/Projecliles  Available 


I be  hypervelocity  projector  can  accommodate  fragment  shapes  up  to  1 /2  inch  in 
diameter.  Normal  operating  velocities  are  in  the  8000  to  10,000  ft/sec  range  to 
simulate  warhead  Iragmenlation  effects. 

Iiivironmenl 


The  atmosphere  in  the  target  chamber  can  be  varied  from  10  microns  to 
1 atmosphere. 

Live; Inert  Eire 


Only  inert  projectiles  may  be  fired. 

Safely  (and  Security)  Re(|iiirements 

All  personnel  must  be  in  the  control  room  during  firing.  .Secure  storage  avail- 
able at  the  facility. 

Power  Availabilily 

110,  220,  and  440  VAC  are  available  at  this  facility. 

Observalion/Conimiinication 

No  realtime  observation  is  alloweil. 
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lii-t'liv!hl  B;illislic  InstrunuMilation 

Only  terminal  ballistic  intormation  is  available. 

Terminal  Ballistic  Instru mentation 

1 ASl  K IMIOI (K'lRAIMIY.  Impact  anil  spallation  data  can  be  obtained  by  Hash 
\-ray  lone  orthogonal  view)  and  llycam  cameras  capable  of  10,000  t'rames/sec. 

riMINCi.  1 lecironic  counters  provide  timing  tor  velocity  data. 

L-iivironmental  Siniu|alJoji  and  Measurement 

I he  pressure  in  the  target  chamber  can  be  varied  from  10  microns  to 
1 atmosphere. 

Planned  Expansion/Modification 

No  modifications  are  planned  at  this  time. 


(ilJN  SYSTEM  TEST  FACILITY  (Range  A-22) 

Oimensiims 

Ihe  (inn  System  Test  facility  consists  of  seven  prewired  enclosed  firing  bays 
and  two  central  instrumentation/conirol  rooms.  The  firing  range  is  .^00  feet  in  length 
Irom  Ihe  gun  bay  door  to  the  target  butts,  fhe  gun  bays  are  approximately  20  ft- 
by  8 feel  high. 

Weapons/' Projectiles  Available 

User  normally  provides  gun  systems  up  to  40-mm  in  si/e. 

I'.nvironment 

All  lirmgs  are  conducted  at  ambient  sea  level  pressured  conditions. 

Live/lnerl  Fire 

Only  inert  firing  can  be  accommodated  currently. 

Safety  (and  .Security)  Reiiuiremenls 

Classified  materials  and  eiiuipmenl  can  be  accommodated.  A tower  operator 
coorylinales  all  safety-related  functions  with  Ihe  operators.  Range  is  cleared  during 
firings. 
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l’t)wer  Availabilil\ 


[ i I ri  Kl(  \[  ■ ( omniLTcial  power  plus  a 28-VIK'  rectifier  aiul  two 

120  208  volt.  400-11/,  .Vptiase,  0.8  pi',  MI)-4  power  supplies.  .System  provides 
208  volt,  4-wire,  y-connected,  175-ampere.  3-phase  power  or  .3-phase,  3-wire,  delta- 
connected,  303-ampere,  120-volt,  anil  1-phase,  delta-connected,  120-volt,  3-wire, 
520-ampere  j^ower. 

DRAl'l  l(  . A central,  fixed  unit  provides  hydraulic  power  for  juin  system 
operations  at  20  to  100  jial/min  at  up  to  5000  psi.  Internal  source  will  provide  10 
to  (i0  garmin  at  up  to  3000  psi. 

Ohservation'Commuiiieation 


A central  (CIV  (closed  circuit  television)  system  is  installed  with  remote  con- 
trolled cameras  in  each  hay  and  monitors  in  the  firinj;  consoles  and  central  tele- 
vision room.  I'he  central  television  room  can  record  and  reproduce  video  tapes  of 
any  hay  operation. 

In-l-'liuht  liallistie  Instrumentation 


LASI  R PIIO KXiRAPII'i'.  ('('TV  with  a voice  track  is  standard  for  tiring  opera- 
tion in  this  facility.  Ilycam  high-speed  ( 1 0.000  frames/sec  I camera  can  he  made 
available,  it  rei|uired. 

I IMIN(i.  ( omputer  chronograph  provides  direct  readout  of  individual  velocities, 
average  velocity  of  a burst,  and  rate  of  fire  over  a selected  portion  of  a burst. 

IIARDWIRI  I): 

1.  Mu//le  velocity  - 0 to  5000  ft/sec  ±25  ft/sec,  5.5(v  to  40-mm  projectiles, 

burst  velocities  at  rates  of  fire  from  0 to  1 0,000  shots/min.  IX  lfslOO  l.umiline 
velocity  screens  coupled  with  I ('I  S-144  cycle  chronograph. 

2.  Rate  of  fire  - 0 to  10,000  shots/min  ±5',^  instantaneous  and  ±\V(  for 
.iverage  rates  over  10  or  more  rounds,  l.lectro  Projects  .3040A  or  .3015  magnetic 
pickiiji. 

3.  Relative  action  time  - 0 to  30  msec  ±0.5  msec  0 to  10,000  shots/min. 

Siis(|uehanna  SI -2  piezoelectric  blast  gage. 

4.  (inn  hydraulic  power  - Now  rates  ±1  gal/min  Ramapo  Mark  IV  strain  gage 
How  meters.  Pressure  ±20  psi  for  line  or  differential  pressures.  131,11  Model  Hill) 
strain  gage  differential  pressure  tranvlucers. 

5.  Round-by-round  dispersion  - Accurate  to  oiic'-half  diameter  of  projectile  at 

rates  of  fire  in  excess  of  8000  shots/min.  1 arget  si/es  2 by  2 feet  to  8 by  8 feet  at 

1000  to  30('0  inches  downrange.  IIRI3  Singer  acoustic  sensors  and  11RI3  Singer  auto- 

matic scoring  system. 
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O mi  R.  l adi  instrumentation  room  contains  a 24-chamicl  recording  liglit  heatn 
oscillograph,  a 14-eliannel  analog  IM  tape  recorder  and  ,i  IQ-channel  constant  hand- 
width  voltage-controlled  oscillator  system.  A hariilme  telemetry  link  to  the  Computer 
Sciences  Lihoratory  provides  the  capability  lor  limited  realtime  or  near  realtime  data 
processing  using  a IM)1’-I5  computer  and  return  display  via  teletype.  I xtensive 
analysis  is  pert'ormed  hy  the  CI)('-()(i(K)  computer  using  the  MAKS  VI  program. 

Terminal  Ballistic  Instrumentation 

None  currently’  available. 

Plaimetl  Expansion  'Miulifieation 

None  are  jilanned  at  this  time. 


OUIDOOR  h ACII  ITICS 


TLRMINAL  I FHT  TS  E XPLRIMI  NTATION  F ACILITY  iRange  64A) 

Dimensions 

The  rerminal  I I'fects  I xperimentation  l acility  t r-facility)  is  a multipurpose, 
irregularly  shaped,  outdoor  range  with  a maximum  firing  range  of  2200  feet.  Current 
firings  are  primarily  conducted  at  ranges  to  .^00  feet. 

Weapons /Projectiles  Available 

Shapes  representing  fragments  or  projectiles  uj-i  to  75-mm  with  III  warheails 
can  be  fired  at  this  range.  Most  firings  are  conducted  with  Mann  barrels.  Targets 
range  from  characteristic  plates  to  “( I"  loaded  complete  aircraft  systems  ( A-4, 
T-84T,  1-102). 

F-.nvironment 


Tests  are  run  at  ainbienl  atmospheric  conditions  only. 

Live/ Inert  I- ire 

111  warhead  projectiles  up  to  7.S-nim  si/e  can  be  accommodated.  All  firings 
conducted  into  butts  to  contain  Iragnients. 

Safety  (and  Security)  Re>|iiireinents 


I'he  range  is  cle.ired  before  test  firings.  Safety  is  controlled  from  the 
bloekhouse/inslriimentation  building  via  periscope,  C('T\’  and  loudspeaker  system. 
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» 


Power  \vail:il>ilil> 

Hloeklunise/inslriimental  ion  biiililini:  lias  up  to  440  volts  power  available. 

220  volts,  .Vphase  power  is  available  up  to  XOO  leet  Irom  bloekliouse. 

Observation  C'oinnninieation 


Tests  can  be  observeil  in  realtime  through  CC'TV,  and  direetly  by  standard 
bloekliouse  periseope  type  arrangement. 

lii-l  liulit  Hallist ii^  I nstriimentatioii 

I’rojeetile  Iraement  veloeities  obtaineil  tliroiigli  light  screens,  or  conducting  Toil 
screens  with  chronograph. 

Terminal  Hallistic^  Instrunieiitatioii 

LASI  K 1*1 1( ) 1()<  iK  AI’l  IV.  Most  instrumentation  is  portable  and  available  as 
required,  including  l .sOkV  Hash  x-ray  (b  channel/.^  orthogonal  viewi  and  Cordin 
Model  Simultaneous  streak  and  Tranie  recortling  system  with  a capability  oT  2.(> 
by  1 0^' pict ures/sec.  .A  Cordin  Model  607  high  intensity  sipiare  wave  light  source  is 
employeil  with  the  Model  .CX)  camera. 

1 1M1N(>.  llectronic  counters  and  IKKi  timing  are  available  Tor  camera  light 
screen  actuated  \-ray  stations.  In  aildition,  an  event  sequencer  is  available  in  the 
blockhouse,  with  .^0  programmable  channels  capable  ol  1 /asec  programming  accuracy. 

1 1 A K I )\V  I K I I ).  blockhouse  hardwired  instrumentation  includes: 

1.  Bell  aiul  Howell  \'R.^700B,  14-chaniiel  magnetic  tape  recorder.  XO  kll/ 
response 

2.  Compuiing  chronograph.  12  velocity  channels,  digitized  velocity  output,  time 
logged 

20-chaniiel  temperature  recording,  ambient  to  2000°I',  up  to  1 00  samples/see  scan 

r.ite. 

>*lamied  I vtiansimi  MoiliTicatidH 

•A  new  terminal  ballistics  facility  containing  two  gun  bays  aiul  three  separate 
target  ranges  ol  lOtJ,  M)0,  and  1000  leet,  respectively,  each  with  surveyed  instrumen- 
tation pads,  was  completed  in  1076.  Tiring  of  III  projectiles  up  to  105-nini  in  si/e 
will  be  accommodaleil. 
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(.DNNL  RY  BALLISTICS  I ACILITY  (Rnnt-e  C-74U 
Diiiu'iisions 


Hk-  (iiinncry  Ballistics  I'acility  is  an  outdoor  facility  for  obtainint;  exterior 
ballistic  information  on  111'  projectiles,  l irint;  is  comlucted  over  a maximum  raniie 
of  :0()()  feet. 

Weapons, Projectiles  Available 

Mann  b.irrels  are  available  up  to  30-mm  in  size.  User  provided,  full-up  weapon 
systems  can  be  testeil.  Two  gun  bays  are  available. 

Lnvironment 


Tests  are  run  at  ambient  atmospheric  conditions. 

Live,  Inert  Lire 

I itlicr  live  or  inert  projectiles  may  be  fired  up  to  30-mm  in  iliameter. 
Safely  (and  Security)  Rc(|uirements 

I he  range  is  cleared  before  test  firings.  No  secure  storage  is  available. 
Power  Availabilit v 


bO-cycle,  3-phase,  4-wire,  440  volt  and  200  amperes,  3 to  50  kVA  transformers; 
bO-cycle,  3-phase,  4-wire,  200  volts,  200  amperes,  3 to  15-kVA  transformers. 

Observation/Coinnuinication 

Observation  of  actual  firings  can  be  accomplished  through  ('('TV. 

In-Flight  Ballistic  Inslriimcntalion 

( urrently  being  installeil  is  an  equivalent  set  of  instrumentation  to  that  in  use 
at  the  (iiin  System  Test  Facility,  Range  A-22. 

I A SI  R l*H(  )!()(■  KAI’IIY,  la|uipment  is  mostly  portable  and  brought  in  as 
rei|uired.  Incluiles:  Hash  x-ray,  Lumiline  velocity  screens,  high-speed  cameras,  and 

yaw  cards. 

I IM1N( ■.  IRKi  timing  and  electronic  counters. 

IIARDWIRTI).  Lumiline  velocity  screens  and  gun  function  information  are  the 
normal  hardwired  instrumentation. 
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leniiinal  tkillistic  liislrunien(alion 

I quipmont  is  mostly  portable  atul  brought  in  as  reciuired,  indiKling  Hash  x-ray, 
photographic  ami  pressure  instrumentation.  A portable  rapid-response,  pressure  sensing 
system  is  used  to  conlirm  tu/e  arming  of  HI-  projectiles.  The  capability  is  present 
of  separating  explosions  occurring  at  4000  rounds/min  rate. 

BARS  TACII.ITY  (Range  A-22) 

Dimensions 

Tlie  BARS  range  associated  with  gun  projectile  ballistics  is  250  feet  long.  It  is 
instrumented  over  the  first  200  feet. 

Weapons/Projcctiles  Available 

Mann  barrels  up  to  40-mm  in  size  are  available  for  use  at  this  range. 
l-.nvironmcnt 

Outdoor  range.  Tirings  are  comlucted  at  ambient  atmospheric  conditions  only. 

Live/ Inert  Fire 

Only  inert  projectiles  may  he  launched  at  this  range. 

S;ifety  (and  Security)  Re(|iiircmcnts 

I he  range  is  cleared  for  firing.  Projectiles  must  he  confined  to  30  degrees 
including  cone  angle  from  gun  muzzle. 

Power  Availability 

Commercial  power  is  available  for  operation  of  cameras  and  instrumentation 
over  the  200-foot  instrumenteil  length. 

Observa  t ion /Commuiiica  lion 

Observation  and  communication  are  limited  due  to  safety  and  facility 
configurations. 

I n-Flighl  Ballistic  Instriimeiitalioii 

Yaw  card  range  is  instrumented  over  a 200-foot  length  with  (i  to  10  stations. 
Projectile  attitude  at  each  caril  penetration  is  reduced  manually. 
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IASI  K 1*1  lO  I ( )( I K AIM  I') . laser  Ihmihs  ami  cireiiit  paper  provide  stoi>start 
sienals  tor  eliroiioprapli  reeordm;a  ol  velocities.  High-speed  photography  (1000  to 
1 0.000  tranies/sec I provules  source  of  additional  projectile  convolutions  ir  Hight. 

1 1\1 1\( I.  Inning  IS  I /jsec  accuracy  achieved  with  electronic  timers  for  event 
siH|uencing  and  velocity  measurement. 

II.XRDW  IKI  1).  Ciun  tunction  and  paperlireak  velocity  information  is  usually  the 
onl\  hartlwireii  instrumentation. 

Planned  I. \ pa nsion Modification 

No  mollifications  are  planned  at  this  tune. 


DATA  MANDLINfi  PROCtSSiNG 


DATA  STOKAfil  AND  RITRDVAL 

The  majority  of  data  collected  at  these  facilities  are  in  the  form  of  photo- 
graphs (oinical.  .x-ray,  or  shadowgraph).  Some  data  are  manually  read  from  the 
photographs  and  keypunched  on  computer  cards.  The  remainder  can  be  macliine 
read  and  recorded.  Data  can  he  stored  on  disc  or  magnetic  tape. 


(;iilCK-LOOK  C APAHIUTILS 

Photographs  are  available  from  7 minutes  (test  site  processing)  to  I day  after 
the  test.  Data  reduction  from  photographs  requires  at  least  1 day  after  receipt  of 
the  photographs  depending  upon  the  length  of  the  test,  instrumentation  configu- 
ration, and  amount  of  data  to  be  extracted  from  the  photographs. 


PR(XT  SSIN(, 

System  and  Model 

I he  AD  re  ( omputer  Sciences  Laboratory  is  equipped  with  two  CIH'-bbOO,  one 
IBM  3()0/()5,  and  a Hurrouj.'";  (1D3.S00  Computer. 

Lingiiage 


Fhe  following  language  may  he  used  at  this  facility: 

1.  (OMPASS 

2.  LOR  I RAN 

3.  (OBOl 
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4.  SORl  MI  KC.I 

5.  MAKS  VI 

6.  MIMK 

I'ho  laboratory  is  a mcmbL-r  ot  VIM  (ClK'-bbOO  User’s  (iroup)  ami  therefore  has 
aeeess  to  the  entire  \'IM  User’s  l.ibrary. 

Input  Output  Options 

1.  (an.1  Readers  (1200  ( I’M) 

2.  Card  Punch  (250  CPM) 

3.  Line  Printers  (1200  I.PM) 

4.  Map  Tape  Drives  (7  and  9 track) 

5.  Multiple  Disc  Drives  (2.86  by  10^  characters). 

Realtime  Interaction 


77  operatinp  input  terminals.  Total  capacity  unsurpassed  within  DoD. 


DISTRIIJUTION 

I urnarouiul  time  is  hiphly  dependent  upon  the  amount  of  data  reiiuired  for  a 
test  (minimum  - realtime). 

I he  data  reiluction  and  computational  capabilities  residinp  in  the  Computer 
Sciences  Lalniratory  of  the  ADI'C  arc  so  extensive*  as  to  prohibit  comprehensive 
description  in  this  ilocument.  Potential  users  desirinp  more  detailed  information 
shoulil  recpiest  a copy  of  the  document  “Data  Reduction  and  Computational 
( apabilities.’’  dated  September  1974,  published  by  the  Armament  Development  and 
lest  Center,  I plin  Air  lorce  Base,  IT,  .32542. 
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ANNEX  B - INTRODUCTION 


OVl  RVIl  W 

Hie  U.S.  AM  I)i  (Air  I oree  llight  Dynamics  Laboratory)  is  locateil  at  Writilit- 
I’alterson  AL  B,  OH.  I he  mission  ol  Al  L'Dl.  ineliKies  responsibility  for  non-nuclear 
aircraft  survivability.  Hie  ballistic  testing  portion  of  the  AF-'L'I)L  mission  takes  place 
in  the  ASRI'  (Aircraft  Survivability  Research  Lacility).  The  ASRL  consists  of  three 
test  compleves  used  to:  ( I ) support  development  of  aircraft  teclinology  and  design 
criteria.  (2)  evaluate  development  concejits,  (3)valiilate  production  design,  and 
(4)  furnish  rag’'*  laboratory  res|ionse  to  high-priority  operational  problem  areas.  The 
goal  in  this  area  is  to  proviile  jiroven  design  criteria  for  optinii/.ing  the  survivabilitv 
,)f  combat  aiicraft  to  gunfire  and  missile  threats  encountered  on  a combat  mission. 
I he  primary  contact  for  tlii*'  facility  is  Mr.  R.  W.  l,au/./.e  (ALL'I)L/I  I S), 
telephone  5 1 3-255-52b4. 


(.ENERIC  AIRCRAET  SYSTEMS  (SUBSYSTEMS)  TESTED 

Ai  LDI,  has  concentrated  much  of  its  survivability  testing  efforts  ou  wing  and 
fuselage  fuel  cell  testing.  Structures  and  armor  as  well  as  small  electronic  and 
hydraulic  packages  are  also  tested  routinely. 

A significant  developmental  effort  by  the  Air  L'orce  was  the  application  of  the 
survivability  design  criteria  to  the  A-X  prototypes.  The  A-X  design  criteria  were 
based  on  test  ilata  from  Al  l 1)1.  facilities.  As  a result  survivability  features  of  the 
A-IO  aircraft  |)r<Hluction  ilesign  were  then  validated  in  AL'FDL  facilities.  More  re- 
cently, the  A-7  luel  tank  vulnerability  evaluation  program  was  conducteil  in  the 
l.iboratorv  facilities.  Survivability  lest  programs  have  also  been  coiulucted  in  support 
ol  the  B- 1 and  1-15  aircraft  develc)pnient. 


SURVIVABILITY/ VULNERABILITY  FACILITIES  OVERVIEW 

Hie  Al  l 1)1,  ASRL,  consists  of  three  test  complexes  designed  to  provide  a wide 
range  of  high  realism  test  data  on  the  survivability/vulnerability  of  aircraft  using  gun 
threats  (up  to  .37-nini)  in  varying  degrees  of  simulated  in-tlight  enviroiinients. 
Range  I is  an  indoor  range  used  for  the  development  and  calibration  of  test  ord- 
nance and  threat  simulation  tectinniues  as  well  as  investigation  of  terminal  threat 

^.•ffects  and  armor  evaluation. 

Range  2 is  an  outdoor  range  u.sed  for  evaluating  the  vulnerability  of  small 
nammable  or  explosive  onboard  stores  and  armor  supporting  structures.  Liniiteil 

testing  of  threat  guns  up  to  .H-inm  have  been  coiulucted  on  this  range. 

Range  .3  consists  of  a hori/.ontal  and  vertical  range  capability.  I'he  hori/ontal 
cajiability  resembles  a standard  outdoor  (lO-foot  range.  The  vertical  range,  however, 

unii|uely  can  test  both  air-to-air  anil  ground-to-air  threats  against  aircraft  target 
sections  m airflow  ot  up  to  550  knots. 
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I’rojcctilo  si/cs  of  between  30-  anil  X5-mni  normally  are  tested  at  remote  Ohio 
National  (iuard  ranj’es  in  Ohio  and  Camp  (Irayling,  Ml. 


ACetSS 

The  Al'l-nL  is  loeated  northeast  of  Dayton,  OH,  close  to  the  intersection  of 
Interstate  Highways  70  and  75.  Primary  access  to  Area  B,  Wright-Patterson  A1  B,  is 
either  via  .Springfield  Street  on  the  north  or  Colonel  (ilenn  Highway  (U.S.  444)  on 
the  south. 

Several  spurs  of  the  Hrie  Railroad  are  available  on  the  installation.  The  Central 
and  St.  Louis  Railroad  connections  also  are  available. 

Runways  capable  of  accommodating  all  military  and  commercial  transport  air- 
craft are  located  on  Area  A of  the  base.  Wright-Patterson  ALB,  Area  A is  approxi- 
mately 5 miles  northeast  of  Area  B.  The  Area  B runways  are  used  to  a very  limited 
extent  (east-west  runway  length  approximately  7147  feet). 


MAINTLNANCE/FABRICATION  CAPABILITIES 

Al'I  Dl.  has  limited  main'enance  facilities  to  support  ballistic  tests.  In  addition, 
the  base  maintenance  and  fabrication  shops  can  provide  onc'-of-a-.kiiul  construction 
and  repair  support.  An  ammunition  loading  room  is  available  in  Building  40b7. 


LO(.ISTICAL  SUPPORT  CAPABILITY 

Ixigistical  support  is  available  from  base  and  laboratory  resources. 


INDOOR  FACILITIES 


RANGE  1 
Dimensions 

Range  I is  a 10  ft^,  indoor,  hori/.ontal  tunnel  275  feet  in  length.  A large  (21- 
by  27-foot)  w./rk  area  is  located  at  the  launcher  end  of  the  range.  I'he  target  arena 
can  be  totally  enclosed  to  eliminate  any  natural  light  and  provide  for  better  mea- 
surement of  Hash  intensity  of  high  velocity  impacts.  The  test  specimen  si/.e  is 
restricted  by  the  dimensions  of  the  doi'r. 
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l*rojivliles  Available 

K.mt:e  1 ^.in  aceommoilatc  test  weapons  up  through  23-inm  AIM  projectiles  as 
iiHlkateil  in  lablesH-l  ami  B-2. 

I iivironmeiit 

No  environmental  simulation  other  than  application  of  static  load  is  available. 

t-ive  Inert  Fire 

Only  h.ill,  Al’.  AIM,  and  incendiary  projectiles  are  allowed. 

Salel  v mnd  ‘k'ciiritv  ) Re<[uireiiicnls 

I he  entire  range  is  locateil  in  a secure  area.  Signs,  red  lights,  and  public- 
address  s\ stems  are  available  to  warn  personnel  in  the  area  when  gunfire  tests  are  in 
progress. 

( lassilied  weapons  and/or  target  material  can  be  stored  in  the  gun  vault  located 
.icrovs  the  hallway  Ironi  the  range. 

I’ower  \v.iilabilirv 

^ 

llevtrn.al  power  ranges  troni  I 1 0 to  440  V'Af'  are  available  in  the  range 
tmildi'ig.  Alv),  a t>0-kV\  (xirtable  generator  can  be  used  if  necessary.  Pneumatic  and 
hydr.iuik  power  are  also  .iv.iilable  within  the  facility. 

Observaliiin  ( iiiniminical ion 

lists  .ire  iDordm.iteil  Iroin  the  (lun  Rangel  Control  Room  (RoomOA-31, 
Hldg.  4^  I.  (<  l\  1 1.  lose'd  sUsuit  television)  is  used  to  monitor  tests. 

No  direit  ohvrv.it ion  ol  tests  by  pervinnel  is  alloweil.  Intercom  communication 
Is  available  to  aid  m test  vtup. 

Iii-I  ligb*  HallisiK  Instrumentation 

I ASI  R IM  K > ! { w iR  MM  IN  . Photographic  coverage  is  provided  b'y  the  4430th  l est 
V^mg’s  Photographie  Vet  ion.  High-speed  black  and  white  and  color  cameras  (up  to 
2?  000  Irames/sec  I are  available  to  monitor  |irojectile  motion  and  imnact 

characteristics. 

I lash  x-ray  and  light  screen  velocity  meters  can  be  located  the  length  of  the 
range.  I lash  x-ray  is  used  primarily  for  sto|vaction  spatial  and  attitude  measuiements 
including  orthogonal  views.  Hash  x-ray  velocity  accuracies,  however,  of  0.001  ft/scc 
are  povsible.  Light  screen  and  paper  chrono".i,  phs  are  also  available  to  monitor 
projectile  velocities. 
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Lisct  borcsiplit  caituhilily  exists  for  measurement  of  tlie  angle  of  ohli(]uity  of 
the  target  with  respect  to  the  gun  barrel  line-of-siglit  to  accuracies  of  I degree. 

I IMlNCi.  Se(|uencing  counters  are  used  for  time  correlation  for  gun  and  instru- 
mentatirrn  futictions. 

IIAKDW I K1  / 1 1 Ll'MI  I RV'.  All  gun  function  and  target-related  transducers  are 
hardwired  to  the  control  room  for  data  recording.  Printed  circuit  (paperbreak) 
vehrcity  measurement  is  used  as  the  velocity  baseline  on  most  Range  1 tests. 
Accuracies  of  from  5 to  10  ft/sec  can  be  achieved  by  the  printed  circuit  method  and 
, IS  iKumally  used  as  the  velocity  baseline. 

Termiind  Ballisik  Instrumentation 

L ASl  R IMIOKKiKAIMlV.  Tlash  x-ray  and  high-speed  photography  are  the 
principal  terminal  ballistic  instrumentation  for  the  range. 

Ihe  U>-mm  I astex  camera  with  a speed  of  7000  (27,000  maximum)  frames/sec 
normalK  is  usc'd  lor  high-speed  camera  support. 

(-5  Polaroid  cameras  are  useil  to  record  oscilloscope  presented  information, 
espciiallv  for  Hash  intensity  tests. 

Photogr.ipliK  support  is  provided  by  the  Technical  Photo  Section  of  tiie 
fosOth  \ir  I orce  lest  Wing.  l uinaround  time  for  photographic  data  is  10  days  ter 

2 weeks  noniially.  with  24  hour  service  available  on  a priority  basis. 

LL\I1N(_1j  Si(|uencing  counters  are  used  to  control  the  firing  of  the  weapon  and 
the  ^.imei.is.  Printed  circuits  and  light  screens  are  useil  to  trigger  counters  in  the 
. Ii'iinogi.ii  1^  svsiem  and  the  Hash  x-ray.  Dual  seiiuencing  counter  instrumentation 
using  the  gun  lire  signal  assures  projicr  timing/sequencing  control. 

II  \ RDVM Rl  I I 1 I M I 1 R V.  All  critical  target  impact/stress/strain  functions  are 

' monitored  m hardwired  instrumentation  m the  control  room. 

I 

t 

i nviromnenlal  Simiilalioii  and  Measurement 

Ihe  ASRI  Range  I currently  can  be  operated  only  at  ambient  air  pressure, 

huniiditv.  and  temperature  conditions. 


OIJIDOOR  I AC  ILITItS 


Impact  R.mges  2 .iml  are  basic  outdoor  ranges  of  the  ASRI'.  I'or  testing  of 
larger  projectiles  m Ihe  57-mm  range,  however,  remote  ranges  are  used.  These 
remote  ranges  are  located  at  i.oekborne  ATB,  Oil,  as  well  as  Camp  Cirayling,  Ml. 
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IMPACT  RAN(;L  2 
Dimensions 


Fhe  ASRl  Range  2 is  a K)()-y aril-!ong  liori/oiilal  outdoor  range.  The  terminal 
arena  measures  2()  feet  m widtli,  24  leet  iti  height,  and  27  feet  in  tlepth  and  is  a 
poured  eonerete  arena  witli  wall  thieknesses  of  I2inehes.  1 his  range  is  adjacent  to 
and  shares  the  ASRl  Range  -Vs  instrumentation  atul  control  system. 

Weapoiis/Projeetiles  Availahle 

Range  2 is  limited  to  37-mm  111  warheads.  Tables  B-3  and  B-4  present  gun  sizes 
and  fragment  simulation  capabilities,  respectively. 

Although  .37-mm  projectiles  can  be  tired  on  the  range,  most  .17-mm  tests  are 
conducted  at  Camp  (irayling.  Ml. 

t.nviroiiment 


Due  to  the  outdoor  nature  of  this  test  facility,  only  ambient  conditions  in 
terms  ol  pressure  and  wind  velocity  can  be  accommodated.  Temperature  conditioning 
ot  the  target  can  be  accommodated  on  a limited  basis. 

Live/Inert  l ire 


Al  l 1)1  is  limited  to  the  use  of  explosive  ordnance  through  .37-mm  111  pro- 
jectiles m Area  H of  the  base.  Both  111  1 and  lll  l l rounds  can  he  tested  in  this 

range. 

Safety  I a ml  Security  I Rcxniiremeiits 

('(  TV  operateil  from  the  blockhouse  is  the  prime  safety  circuit  for  this  range. 
In  aililition,  lights,  horns,  and  loudspeakers  warn  personnel  in  the  area  of  pending 

gunfire  tests. 

Ihe  entire  range  is  within  a secure  Air  force  installation.  Classified  storage  is 

available  on  base  lor  all  sizes  of  hardware. 

Power  Availabililv 


NO,  220,  and  440  VAC  are  available  at  Range  2.  In  aildition,  a f)0-kVA  elec- 
tric power  generator  can  be  brought  in  to  provide  other  recpiired  voltages.  A 
lOOO-kVA  transformer  supplies  normal  range  power. 

Observation/Commiinicalion 

C(T\’.  both  color  aiul  black  anil  white,  is  available  in  the  blockhouse.  Ihis 
provides  direct  observation  of  items  under  lest  in  either  Range  2 or  .3.  Voice  sound- 
track is  availahle  on  all  C(TV  tapes.  All  range  operations  are  coordinated  through 
the  control  trailer.  Cf'lV  and  an  intercom  system  provide  realtime  visual  and  audio 
data. 
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\ 


In-Fliulil  H;illistic  Instrunu’ntntion 


I \S1  1<  IMlOKKiKAl’Il't . 1 ;istex  cameras  (last  Irame  rate)  ami  llulcher  cameras 
(slow  Irame  rate)  are  used  to  recorti  in-tliglit  hallistic  data.  Pliolofirapiiic  turnaround 
time  is  approximately  10  days  to  2 weeks  with  24  hour  service  available  on  hijih 
priority  tests. 

riMIN(i.  IRKnH  time  code  generators,  electronic  counters,  and  verbal  count- 
down communications  provide  time  correlation  tor  each  test. 

M A K 1 )\V  1 K I II  I I M I I R Y.  All  gun  I’unctions.  in-llight  velocity  meter  measure- 
ments. and  terminal  mrormation  are  monitored  on  magnetic  tape  recorders  located  in 
the  instrumentation  van.  All  data  are  recoriied  on  constant  bandwidth  discriminators. 

Icniiinal  Rallislie  Instriimentalion 

IASI  R 1*110 KKiRAI’IIV.  Most  terminal  ballistic  events  are  recorded  on  cameras 
with  r.ites  ot  7()()()  Irames/sec  provitled  by  the  4d50th  lest  Wing.  Once  more,  photo 
graphic  turnaround  lime  is  approximately  10  days  to  2 weeks,  with  24-hour  service 
available  on  high  priority  test  programs. 

A laser  boresighting  capability  is  also  available  on  all  ranges  to  meausre  the 
angle  ol  oblu|uity  ot  the  target  with  respect  to  the  gun’s  line  of  tire.  Accuracy  of 
1 degree  is  obtainable  with  the  laser  system. 

I IM INC  I.  I R|(  i-H  tune  code  generators,  electronic  counters,  and  verbal  count- 
down sei|uence  intdrmation  provide  time  correlation  for  each  test. 

IIARDW IRI  I I I I Ml  I RY.  All  hardwire  instrumentation  is  channeled  into  the 
blockhouse  lor  information  from  Ranges  2 and  .1.  I'or  example,  a 20-channel  temper- 
ature continuous  monitor  cajiability  is  available  tor  measurement  of  target  teniper- 
.iture  vari.itions.  In  addition,  a .12-channel  strain  gage  capability  is  available  to 
determine  the  target  component  load  outputs.  A HP  (Hewlett  Packard  2100S  mini- 
computer IS  used  to  monitor  instrumentation  and  provide  output  in  terms  of 
oscillograph  recorder  ilata. 

F.iivironmenlal  Sinuilatioii  and  Measurement 

I here  is  limited  environmental  simulation  or  control  in  Range  2.  The  limits  are 
test  luel  conditioning  and  fuel  circulation.  In  the  case  of  hydraulic  subsystem 
testing,  these  components  can  lie  tested  while  in  the  operational  mode. 

IMPAC  I TE  SI  RANGE  .1 
Dimeiisions 

I he  Range  .1  complex  consists  of  a hori/.ontal  and  a vertical  range.  I'he  hori- 
zontal range  is  a standard  bO-foot  outiloor  range  with  the  gun  plaeeil  below  and  at 
right  angles  to  the  Vertical  (lunfire  Airilow  lest  Arena. 
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I ho  VortK.il  (lunliro  Airllow  Tost  Aroiiu  is  a pourocl  conorote  building,  39  feet 
high.  40  tool  long,  and  2.S  loot  deep,  l igureb-l  sliows  the  general  orientation  of  tlie 
i.inge.  Moth  .iir-to-air  and  ground-to-air  gun  platforms  are  available.  Fwo  U'  33-P-5 
turbot.in  engines  provide  ,300  ixuinds  of  air  per  seeond  through  a 9 ft-  no/.zle  at 
selouties  ol  up  to  550  knots.  In  adilition,  this  air  system  has  the  capability  to  split 
the  airtlow  to  simulate  .iireraft  engine  inlet  duet  conditions  and,  concurrently,  simu- 
l.ite  m-tlight  .mllo^v. 

lest  specimen  sizes  which  can  be  accoinmodateil  in  the  vertical  test  arena  range 
Irom  ,1  luselage  section  1 5 feet  long  and  6.5  feet  white  to  a wing  span  8 feet  long. 
KemoteK  controlled  loading  devices  can  accommodate  various  wing  twists  and  Hex- 
ures.  fuel  cells  of  up  to  500-gallon  capacity  can  also  be  tested  in  this  facility. 

V^i^ions  I’mjeeliles  .Available 

As  shown  in  IableM-5.  Range  3 can  handle  up  through  30-mm  launchers;  it  can 
simulate  both  gun-fired  and  missile-launched  fragment  threats,  as  indicated  in 
I .ible  M-6.  fhe  range  can  also  simulate  multiple  hits  of  23-mm  guns. 

E loiniiimeiit 

.Airflow  langing  in  velocity  from  40  to  550  knots  can  be  produced  over  the  test 
specimen  through  a 33-  by  36-inch  iluct  using  two  11'  33-P-5  turbofan  engines.  The 
simulated  m-flight  airflow  is  produced  by  ducting  the  turbofan  bypass  air  into  the 
test  area.  Airllow  control  accuracies  are  ±5  knots,  with  as  much  as  a 5-knot  velocity 
tluctualion  at  the  upper  end  ol  the  velocity  regime.  Airllow  can  be  split  and  a 
portion  diverted  to  simulate  engine  inlet  conditions.  A fuel  temperature  conditioning 
capability  ranging  from  between  0°  to  11()°1'  at  shot  time  (±5°1'»  is  available  for 
both  wing  and  fuselage  luel  cells.  l,i(|uiil  air  can  be  injecteil  into  the  stream  How  to 
observe  flow  charactensties. 

Live  Inert  I' ire 


Range  3 is  limited  to  the  use  of  explosive  ordnance  up  through  30-mm  III  If 
projectiles.  Range  3 can  simulate  fragmentation  threats  from  larger  projectiles  and 
missile  warheads.  Staiui-off  distance  and  the  rei)uirement  to  pre-arm  the  projectiles 
are  limitations  ot  this  range. 

Safety  land  Security )_  Ke(]uirenumts 

■A  combination  ol  ('('IV,  IR  scanners,  ami  thermocouples  provide  monitoring 
instrumentation  for  possible  specimen  fires.  In  addition,  lights,  horns,  and  loud- 
speakers warn  personnel  in  the  area  of  gunfire  tests. 

Carbon  ilioxide  and  water  deluge  are  available  to  extinguish  specimen  fires. 

I he  entire  range  is  within  a secure  Air  f orce  mslallalion.  ( lassified  weapons 
can  be  stored  on  the  base. 


» 
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Power  Av;iil:il)ilil\ 

110.  220,  ;iml  440  VAC,  (>0-cydo  power  is  available  frotn  a 1000-kVA  trans- 
lormer.  Other  volta^te  ami  frecpie tides  are  available  through  the  use  of  portable 
generators.  Ilyilraulie  and  pneuniatie  generators  are  available  from  the  laboratory,  if 
reiiuiretl. 

Observation  C'oniiminieat ion 

C("fV  (color  and  black  and  white)  with  voice  soundtrack  is  used  to  monitor 
the  test.  I V monitors,  intercoms,  loudspeakers,  and  telephones  are  available  in  the 
blockhouse. 

In-Mieht  Ballistic  Instrumentation 


.Some  m-night  data  can  be  obtained  from  the  terminal  ballistic  instrumentation 
(there  is  no  truly  m-tlight  ballistic  instrumentation). 

Terminal  Ballistic  Instrumentation 

IAS  IK  PlloroCRAlMI't . Ki-mrn  lastex  cameras  (7000  Irames/sec)  and  l6-mm 
Milliken  cameras  (b4  to  .SOO  frames/sec)  are  used  to  record  last  and  slow  frame  rate 
test  data,  respectively.  Special  cameras  can  be  employed  to  rnotiitor  unusual  events 
such  as  fuel  being  dumped  into  the  engine  inlet  from  a ruptured  tank. 

Photographic  processing  turnaround  tune  is  10  days  to  2 weeks,  normally,  and 
24  hours  with  priority. 

.A  laser  sighting  capability  is  available  to  measure  the  angle  of  ohlii]uity  of  the 
target  with  respect  to  gun’s  true  line  ot  fire  with  accuracies  of  I degree. 

I IMINti.  IRKJ-B  lime  coile  generaterrs,  electronic  counters,  and  verbal  count- 
down provide  time  correlation  lor  each  test. 

IIARDWIRIH'LI  .Ml  l RV.  All  instrumentation  is  hardwired  to  the  blockhouse 
for  reconling,  monitoring,  and  display.  These  hardwired  items  include  temperatures 
(specimen  and  airflow),  projectile  velocities,  pre-impact  test  specimen  conditions, 
hydraulic  ram  pressures,  airllow,  shock,  and  other  ballistic  parameters,  as  required. 

A combination  graphite/strain  gage  and  paper  chronograph  velocity  measurement 
system  is  used  for  measuring  velocitv  in  the  vertical  test  facility.  Other  special 
purpose  instrumentation  systems  can  be  designed  and  built  as  required. 

Ihe  blockhouse  contains  the  following  equipment:  IIP  2100S  mini-computer  with 
.12K  core  storage  and  (A  channels  of  analog-to-digital  conversion;  14-channel  l-'M  tape 
recorder,  12-inch  oscillograph,  7-inch  oscillographs;  electronic  counters;  time  code 
generators;  signal  conditi''ning;  ASR  .13  teletype;  and  20-channel  temix'rature  recorder. 
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DATA  HANDLIN(.  I’KOtT  SSIN(. 


DAIA  STORA(;i  AND  RLTKII  VAL 

On-sitc  iliita  prcKossiiii;  is  jiroviticil.  Flic  lll’2l()0S  mini-computer  is  used  to 
record  stead\-state  data  such  as  temperature,  flow  rates,  pressure,  and  velocity, 

I liree  dual-trace  oscilkiscopes  are  available  with  cameras  to  record  data 
photoeraphicall> , 


UlTt  K-LOOK  CAI*AFHLITII  S 

(('IV,  photographs,  digital  counters,  temperature  recorder,  oscillographs,  and 
teletype  hard  copy  provide  selected  quick-look  liata. 


l’RO(T.SSIN(; 

Data  processing  is  done  by  either  using  the  I1I’2I00,S  mini-computer  or  Air 
I orce  ( l)('-6b()()  system. 


DISPLAYS 


Realtime  display  is  provided  by  color  and  black  and  white  ('(TV'. 
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r;ihlc  IM  . ( iiin  Si/cs 


I jomestic 


5.5(>-min 
30  calihcr 
50  caliber 
bO  calihcr 


I'orcign,  mm 


7.62 
12.7 
' \S 


lalile  15-2.  I'ratimciit  Simulation. 

Smooth  bore  iliamctcr 

l-'rapment  simulator  sizes 

5.5fr-mm/0.223  in. 

17 

7.62-mm/0.30X  in. 

44 

1 2.7-mm/0.5  in/50  cal 

207 

80 

l4.5-mm/0.6  in/60  cal 

00 

80  (sabot) 

20-mm/0.787  in. 

1 80  (single  or  pair) 

1 30  (pair  or  triplet ) 

30-mm/ 1.18  in. 

1 , 2,  3,  or  4 barrel 
simultaneous  firing 

10  1 up  to  480  frag/shot 

30  1 up  to  1 24  frag/shot 

60  1 up  to  56  frag/shot 

1 20  1 up  to  40  trag/shot 

240  1 up  to  1 2 frag/shot 

30/rocl  1 up  to  64  frag/shot 
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1 
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Table  H-3.  (>un  Sizes. 


Domestic 

I'oreigii.  mm 

,3.56-111111 

7.62 

,3()  caliber 

12.7 

50  caliber 

14.5 

60  caliber 

23 

20-mm 

30 

30-mm 

37 

Table  B-4.  I'ragment  Simulation 


Smooth  bore  diameter 

I'ragmcMit  simulator  sizes, 
grains 

Velocity, 
ft  /sec 

5.5(>-mm.'0.223  in. 

17 

5000 

■’.62-mm, '0.308  in. 

44 

5000 

12.7-mni/0.5  in/50  cal 

207 

5000 

80 

5000 

14.5-nim/0.6  in/60  cal 

<■)() 

6000 

80  (sabot) 

6000 

20-mm  0.787  m. 

1 80  (single  or  pair) 

6000 

130  (pair  or  triplet) 

5000 

30-mm  '1.18  in/( lALI  8 

180 

6000 

600  (sabot ) 

6000 

30-mm  1.18  in. 

1 0 1 up  to  480  frag  'sliot 

6000 

1 . 2.  3,  or  4 barrel 

30  1 up  to  1 24  frag/shot 

6000 

simultaneous  firing 

60  1 up  to  56  frag/sliot 

6000 

1 20  1 up  to  40  frag/sliot 

(>000 

240  1 up  to  12  frag/sliot 

(>000 

30/roil  1 up  to  64  frag/sliot 

6000 
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Table  B-5.  (iun  Sizes. 


1 

Domestic 

Foreign,  mm 

5.5fvmm 

7.62 

.^0  caliber 

1 2.7 

50  caliber 

14.5 

bO  caliber 

23 

20- mm 

30 

30- mm 

1 

Table  B-6.  Fragment  Simulation. 


Smooth  bore  diameter 

Fragment  simulator  sizes, 
grains 

Velocity, 

ft/sec 

5.56-mm/0.223  m. 

1 7 

5000 

7.62-mm/0.308  in. 

44 

5000 

12.7-mm/0.5  in/50  cal 

207 

5000 

80 

5000 

14.5-mm/0.6  in/60  cal 

90 

6000 

80  (sabot ) 

6000 

20-mm/0.7«7  m. 

1 80  (single  or  pair) 

6000 

130  (pair  or  triplet) 

5000 

3(Fmm/i.Hl  in./(jAlJ  9 

180 

6000 

600 

6000 

49/50  blank 
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ANNEX  C - INTRODUCTION 


OVER  VIEW 

11k*  AMMK(  (Army  Maleri.ils  anil  Meclianics  Research  Center)  is  localeiJ  in 
Watertown  MA,  aiui  is  the  major  materials  researcli  anil  development  arm  of  the 
U.S.  Army  Materiel  DARCOM  ( Develojmient  and  Readiness  Command).  AMMRC  is 
responsihle  for  conducting  theoretical  and  applied  research  in  materials,  such  as 
metals,  ceramics,  plastics  and  composites,  and  materials  processing,  such  as  melting, 
casting,  fabricating,  joining,  and  coating.  AMMRC  also  is  assigned  as  the  Lead  Libo- 
ratory  for  Armor  Materials  rechnology.  Most  of  the  A.MMRC  programs  are  under- 
taken to  meet  s|H*cific  Army  reiiuirements,  but  AMMRC  also  serves  as  an  overall 
breeding  ground  for  new  and  advanced  type  materials  and  materials  technology  for 
the  Department  of  Defense. 

Ballistic  test  facilities  at  A.MMRC  are  under  the  Process  Development  Division 
ol  the  Materials  Development  laboratory,  the  Engineering  .Mechanics  Division  of  the 
•Mechanics  Research  Ixiboratory,  and  the  Polymers  and  Chemistry  Division  of  the 
Organics  Materials  Ixiboratory.  Dr.  E'rank  R.  Larson  is  Chief  of  the  Materials  Develop- 
ment Laboratory,  Mr.  Joseph  Bluhm  is  Chief  of  .Mechanics  Research  Laboratory,  and 
Dr.  (ieorge  Thomas  is  Chief  of  the  Organic  Materials  Liboratory.  The  primary  points 
of  contact  for  .AMMRC  ballistic  testing  and  evaluation  are  Mr.  E'rancis  C.  Quigley, 
( hiel.  Process  Development  Division  (DRXMR-I  R),  telephone  6 1 7-923-3 1 1 5 , and  Mr. 
Trancis  S.  .Mascianica  (DRX.MR-TR),  telephone  6 1 7-923-3436. 


GENERIC  AIRt  RAET  SY.STEMS  (SUBSYSTEMS)  TESTED 

The  AMMRC  ballistic  test  facilities  are  primarily  of  the  laboratory  variety  and 
generally  are  not  used  for  service  type  testing,  such  as  that  required  to  determine 
aircralt  system  or  subsystem  vulnerability.  However,  AMMRC  does  assist  in  six'cial 
problem  solving  and  compatible  research  areas.  Materials  testing  of  almost  any  nature 
can  be  perlormcd  for  new  or  modified  materials,  as  well  as  components  of  interest 
for  applicability  to  aircraft  systems.  AircTaft  structural  or  other  material  related 
components,  such  as  armor  seats  and  improved  rotor  blade  materials,  are  the  most 
compatible  with  the  AMMRC  capabilities  and  mission. 


SURVIVAHILITY/VULNERAUILITY  FACILITIES  OVERVIEW 

Si.x  ballistic  test  facilities  were  reviewed,  all  classified  as  indoor,  terminal 
ballistic  facilities,  lour  enclosed  firing  ranges,  one  open  '.iglit  gas  launching  facility, 
and  one  enclosed  explosion  chamber  provide  firing  lengths  ranging  from  20  to 
.*i0  feet  and  the  cajiability  of  statically  detonating  HE'  charges  up  to  O..S-pouiul  HE. 


f 
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\(  C I SS 

■\\1MR(  is  locatoil  on  tlic  north  bank  of  tlie  Charles  River  in  Watertown,  MA, 
approMinatelN  5 miles  west  of  Hoston,  just  north  of  the  Mass;ichiisetts  Turnpike 
( Interst.ite '*())  on  Arsenal  Street. 

No  railroail  access  is  available  on  post  althoujih  a helipad  is  located  on  post  for 
helicopter  access. 

The  I.ofian  International  Airport  is  located  approximately  6 miles  east  of 
AMMRC  aiul  can  be  reached  via  Soldiers  Tield  Road,  Storrow  and  .Memorial  Drives, 
,ind  the  \1ass;ichiisetts  rurnpike.  U.S.  Air  Force  Hascom  E'ield  is  located  in  Bedford, 
which  is  approximately  8 miles  northwest  of  AMMRC  and  can  be  reached  on 
Route  1 28. 


MAIMF-NANCT  FABRIC.VriON  CAPABILITY 

I he  maintenance  and  fabrication  capability  at  AMMRC  is  excellent.  Tull 
machine  shop  facilities  are  available  for  the  fabrication,  maintenance,  and  modifi- 
cation of  weapons,  projectiles,  test  materials,  and  jigs  and  fixtures  for  securing 
aircraft  armor  or  components. 


LOtilSTICAL  SUPPORT  CAPABILITY 

The  location  of  the  A.MMRC  away  from  normal  military  facilities  makes 
logistical  support  somewhat  more  difficult  than  might  be  expected  at  other  ballistic 
test  areas.  All  logistics  items  would  have  to  be  shipped  in  at  least  from  a terminal 
jTort  by  roail  to  AM.MRC. 


INDOOR  FACILITIES 


I our  firing  ranges.  Ranges  1 through  4,  are  located  adjacent  to  each  other  and 
are  operateil  by  the  same  personnel.  Instrumentation  and  launchers  are  generally 
available  to  each  range  from  a common  facilities  pool.  Therefore,  both  instrumen- 
tation and  launchers  described  for  Range  I will  also  be  available  on  Ranges  2 
through  4,  within  the  weapon  si/e  constraints  documented  for  each  range. 


RANOL  I 
Dimensions 

Range  1 is  approximately  1 2 feet  wide  by  9 feet  high,  extending  .SO  feet  to  a 
sand-filled  butt  backed  by  a 0.5-inch-thick  steel  armor  plate  and  a 12-inch-thick 
solul  concrete  wall.  Most  kinetic  energy  ammunition  firing  is  done  at  target  materials 
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approximately  30  feet  from  the  mu//le,  where  several  different  tarttet  mounting 
tixtures  are  usually  located.  I he  lull  length  of  the  range  is  available  for  use,  if 
required. 

Weapons /Projectiles  Avaibhie 

Weapons  or  projectiles  up  to  20-mm  size  may  be  fired  in  this  range.  An 
extremely  large  array  ot  launchers,  both  rilled  and  smooth  bore,  and  projectiles  are 
available  as  ol t-the-shelt  items.  Both  domestic  and  foreign  launchers  and  projectiles 
are  included,  bragment  simulating  projectiles  used  for  armor  acceptance  tests,  ranging 
from  caliber  0.1  (1.35  grains)  to  20-mm  (K30  grains)  arc  also  available.  The  tech- 
nology and  expertise  are  also  available  for  launching  unusual  shapes,  e.g.,  cubes, 
disks,  actual  shell  fragments  and  llechettes,  at  velocity  levels  up  to  8000  ft/sec. 
Controlled  projectile  tumbling  or  yawing  can  be  accomplished. 

A special  target  holding  fixture,  shown  ir  b'igureC-1,  can  be  employed  to  apply 
stress  to  target  materials  during  ballistic  impact.  Ivither  tension  or  compression 
loading  can  be  applied  to  material  specimens  up  to  14  by  1 Pinches  in  size.  Hy- 
draulic pressure  up  to  2‘>00  psi  limits  the  loading.  Heating  or  cooling  can  also  be 
applied  while  loading  the  specimens. 

Lnvironmeni 

Temperature  and  humidity  extremes  can  be  ‘imulated  for  target  materials. 
I’rojectile  travel  through  rain  and  sand  has  also  been  simulated. 

Live  inert  F ire 

l iring  at  this  facility  is  done  primarily  with  inert  rounds,  although  firing  with 
incendiary  projectiles  can  be  conducted  with  14.5-  and  20-mm  ammunition.  No  live 
HI.  firing  may  be  done. 

Safety  (and  Security)  Requirements 


Classified  material  and  equipment  can  be  accommodated  easily  m a large  storage 
vault.  Standard  safety  procedures  are  employed  and  are  available  from  the  AMMRC 
Safety  Officer. 

Power  .Availabifily 

Normal  110  volt,  220  volt.  3-phase,  and  440  volt  single  phase  power  is  available 
at  this  range.  Unusual  requirements  can  be  met  with  portable  generators. 

Observa t ioji /(  omm u iiicalion 

No  direct  observation  of  the  range  is  allowed  during  tiring. 
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In-Right  UiiHislic  liistruineiii;itioii 

L ASI  K l*HO Still  ;iiul  high-specil  motion  photography  may  be  used. 

High-speed  photographie  capability  consists  ol  single  and  multinash  sources,  high- 

speed training  cameras  aiul  x-ray  photographic  ei\uipment.  Sliadowgraplis  triggered  by- 
break  circuits  or  I iimilme  electronic  screens  can  also  he  employed. 

I IMlNCi.  1 lectronic  counters  of  0.1  to  0.2 /asec  accuracy  can  be  used  with 

break  circuit  or  l.umiline  electronic  screens  for  velocity  measurement. 

Terminal  Ballislie  Instriiiitentation 

LASI  K I’HOKXiK.AI’H’i'.  Still  photographs  of  test  specimens  after  impact  are 
commonly  taken.  High-speed  photographie  capability  is  not  maintained  by  the  range 
itselt,  but  il  required  can  be  provided  by  the  AMMRC  Photographic  Services  Branch. 

Shadowgraphs  or  high-speed  photirgraphs  of  both  before  and  behind  the  plate 
effects  from  ballistic  imiiact  can  be  taken.  These  can  be  triggered  either  by  break 
circuits  or  electronic  Lumiline  screens. 

1 IMINO.  Break  circuit  and  electronic  Lumiline  screens  are  used  with  electronic 
counters  of  0.1  to  0.2 /isce  accuracy  for  time  measurements  used  to  calculate 
striking  and  residual  vekreities. 

ri  1 1 \H  TR  Y.  Strain  gage  technirlogy  is  available. 


R\N(,I  2 

Range  2 is  identical  in  geometry  to  Range  I with  the  exception  that  it  termi- 
nates with  a tilled  cinderbloek  wall,  rather  than  a stind  butt.  A light  gas  gun  is 
available  in  tins  range  and  the  missile  is  launched  into  a test  chamber.  The  gun  and 
chamber  are  45  feet  long  with  a breech  ot  37-mm.  Projectiles  from  fragment  si/.e  up 
to  20-inm  can  be  launched.  The  test  chamber  can  be  evacuated  to  simulate  high 
altitude  atmospheriv  conditions,  if  ilesired. 


Dimensions 

Range  ^ is  approximately  K feet  wide  by  d feet  high  by  20  feet  long  with 
1 /4-inch-thick  mild  steel  plate  proviilmg  ballistic  protection  throughout  the  range. 

Weapons; Projectiles  Available 

Projectiles,  Iragments,  and  traginent  simulators  from  grenade  (2-grain)  fragment 
si/.e  up  to  ..10-caliber  traginent  simulating  projectiles  (44  grains)  may  be  fired  in  this 
range.  .Sinking  velocity  of  ..^0-caliber  projectiles  is  limited  to  approximately 
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4500  It  see  aiul  the  stiialler  .22  caliber  to  approximately  bOOOl't/sec.  All  launchers  up 
to  aiul  mckuiin};  .50  caliber  that  are  available  for  use  on  Kange  1 can  also  be  used 
on  Raiiiie  .5. 

Other  capabilities  of  this  range  are  identical  to  those  described  lor  through 
Range  1 . 


RANtit  4 

Range  4 is  identical  in  capabilities  to  Range  3 with  the  exception  that  range 
vsidth  IS  approximately  10  leet.  I'or  this  reason  high-speed  motion  photography  is 
usually  conducted  in  this  range  because  the  extra  width  allows  more  room  for 
camera  e()uipment  and  ballistic  protection. 


DtTONlC.S  FACILITY 
Dimensions 


Ihe  I)e  rnics  facility  is  an  “L”  shaped  enclosure  of  steel  armor  plate  in  which 
explosive  charges  may  be  detonated.  I he  facility  if  6.5  feet  high  with  the  shape  and 
dimensions  shown  in  f'igurc  C-2.  The  shaded  area,  consisting  of  .sand-filled  retaining 
walls  incorporating  0.5-inch  steel  armor,  is  covered  on  top  and  sides  with  blasting 
mats  constructed  from  sections  of  rubber  tires  to  provide  both  increased  ballistic 
protection  and  reduction  of  noise  levels  below  the  tolerance  level  of  140  dB. 

Weapons/ Projectiles  Available 

Up  to  1/2  pound  ot  llfi  may  be  detonated  in  this  facility.  Shaped  charges  can 
also  be  accommodated,  fragmentation  studies  are  currently  being  conducted  using 
water-filled  barrels  for  complete  recovery  of  shell  fragments. 

Environment 


No  environmental  simulation  is  done  at  this  facility. 

Live/Inert  Fire 

Live  charges  are  detonated  at  this  facility. 

Safety  (and  Security)  Requirements 

Standard  safety  procedures  are  observed  at  this  facility.  A copy  of  pertinent 
procedural  requirements  (AMMRC  procedure  38.5-21 ) can  be  requested  from  the 
AMMRC  .Safety  Officer.  Special  arrangements  would  have  to  be  made  for  any  classified 
material  or  equipment. 
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PdVMT  A\;iilal>ilil\ 

Slaiularii  llO-volt.  22()-volt,  3-pliasc,  aiul  440  volt  single  phase  power  is  avail- 
able. Portable  generators  ean  provule  for  any  s|iecial  re(|uireinents. 

Observation/Coniiminieation 

\o  Oireet  observation  ol  tests  is  allowed. 

In-I'li^ht  Hallistie  Instrunientation 

I his  item  is  not  applicable  lor  this  facility. 

rerniinal  liallistic  Instrunientation 

LA.Sl  K 1*110 1 (XiKAPHY.  Still  photographs  are  taken  of  test  results.  A Mycam 
high-speed  motion  camera  that  operates  at  11,000  frames/sec  can  be  used  to  record 
action  during  tests.  Adilitional  high-speed  motion  photographic  capability  can  be 
jirovided  by  the  AMMK(  Photographic  Service  Branch. 

I lash  x-rays  may  also  be  used  to  provide  sto[vaction  data. 

> IMING.  l iming  information  is  provided  by  one  trace  on  an  oscillograph  that 
am  record  overpressure  histories  on  two  additional  traces. 

I I 1 I Ml  I K\ . One  14  channel  and  one  7 channel  magnetic  tape  recorder  can 
be  used  to  record  strain  gage  measurements. 


LK.JM  (.AS  LAUNCMINC;  FACILITY 
Dimensions 

I he  Light  (i.is  Liunching  Facility  is  not  an  enclosed  firing  range.  The  facility  is 
currently  housed  m i laboratory  area  approximately  30  by  30  feet.  While  projectiles 
normally  are  tired  a short  distance  (b  to  10  feet),  the  potential  exists  for  firing  over 
longer  ranges,  up  to  .TS  feet  if  reipiired. 

Weapons  Projectiles  Available 


Cylindrical  projectiles  are  launched  using  compresiicd  helium  at  1000  psi.  Veloci- 
ties that  can  be  achieved  are  determined  by  the  projectile  mass  with  the  largest 
luojectile  ol  interest  being  approximately  ..SO  caliber  launched  at  500  to  600  ft /sec. 
Smaller  (irojectiles  may  be  ^launched  at  higher  velocities.  Target  material  specimens 
are  normally  less  than  12  in-. 

Ilehuni  is  stored  at  ,U)00  psi  with  pressure  reduced  to  1000  psi  by  a series  of 
gages.  Higher  pressures  (up  to  3000  psi)  could  be  used  at  the  launcher  by  changing 
gages. 
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Environment 

No  environmental  simulation  is  done  at  this  facility. 

Live/Inert  Fire 

No  live  fire  may  be  done  at  this  facility. 

.Safety  (and  Security)  Requirements 


(lassified  materials  and  equipment  can  be  accommodated  at  this  facility. 

Power  Availability 

Standard  110  and  220  volt,  3-phase  power  is  available. 
Observation/Communication 

Personnel  conduct  tests  from  an  adjoining  room.  Direct  observation  of  tests 
normally  is  not  required. 

In-Fligh<  Ballistic  Instrumentation 

Due  to  the  short  firing  ranges  involved,  no  in-flight  instrumentation  is  normally 
employed. 

Tenninal  Ballistic  Instrumentation 

LASFR/IMlOKXjRAPHY.  High-speed  motion  photography  and  still  photography 
are  employed  to  record  terminal  ballistic  effects.  Mash  x-rays  (300  kV)  and  cameras 
can  also  be  useil  to  record  both  before  and  behind  the  plate  terminal  effects  or 
projectile-target  interaction. 

I IMINCj.  liming  is  accomplished  using  electronic  counters  of  ^isec  accuracy. 
Hither  paperbreak  or  electronic  light  screens  are  employed  to  determine  striking  or 
residual  velocities. 

n-.Lt-MF FRY.  Striking  and  residual  velocities  are  measured  using  paperbreak 
techniques. 

HARDWIRt..  Pressure,  temperature,  and  strain  gage  measurements  may  be  re- 
corded on  oscilloscope  or  strip  chart  recorders. 


OUTDOOR  FACILITIES 


AMMRC  has  no  outdoor  ballistic  test  facilities. 
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DATA  HANDLING/PROCESSING 
DMA  SrORAtiE  AND  RETRIEVAL 

Dal;i  (.'ollccti\l  in  tlie  I'ortn  of  pliotograplis  (optical,  x-ray,  shadowgraph)  are 
maiuialls  reduced  and  can  be  keypunched  onto  cominiter  cards  and  stored  on  mag- 
netic t.ipc. 


(,?L!Kk-LOOK  CAPABILITIES 

I’hotographs  can  he  processed  witliin  30  minutes  after  completion  of  a test. 
Data  reduction  times  are  highly  dependent  upon  the  length  of  test,  instrumentation 
configuration,  and  the  amount  of  data  to  be  extracted.  An  HP  (Hewlett-Packard) 
)irogrammahle  calculator  with  plotter  and  typewriter  input  is  available  for  immediate 
use  for  processing  data  at  Ranges  I through  6. 


PROCESSING 
System  and  Model 


A.MMKC  is  served  by  a Univac  1106  digital  computer  that  is  physically  located 
at  Natick  laboratories,  Natick,  MA.  Access  to  this  facility  is  provided  by  two 
remote  hatch  terminals  on  site  at  AMMRC.  Data  processing  of  large  amounts  of 
data  is  done  on  this  computer. 

An  HP  programmable  calculator  (Model  ^SlOA)  along  with  its  calculator  plotter 
(Model  ^>X62A),  cassette  memory  (Model  9865.A)  and  L'ACIT  output  typewriter  is 
used  to  process  data  at  Ranges  1 through  4. 

Lingiiage 

I'ORIRAN  IV  and  V may  be  used  for  the  Univac  1106.  A special  symbolic 
coding  language  is  used  for  the  HP  data  processing  equipment. 

Input/Output  Options 

Punched  cards  or  magnetic  tape  may  be  used  for  input  or  output  on  the 
Univac  1 106.  A high-speed  line  printer  is  also  used  for  output. 

Input  for  the  HP  calculator  is  punched  ilirectly  into  the  machine.  Output  is 
either  to  a small  thermoprinter,  typewriter,  or  X-Y  plotter  (increments  of 
0.001  inch). 
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DISTRIBUTION 

Tiirnarouiui  time  is  highly  tiepeiulent  upon  the  nature  of  tlie  test  and  the 
amount  of  data  being  collected.  Test  data  reduction  can  be  accomplished  within 
I working  day  following  a test.  Black  and  white  film  arn  be  processed  within  1 hour 
and  color  film  in  3 days  following  a test. 


DISPLAYS 

Plots  can  be  generated  by  the  IIP  programmable  calculator  with  an  X-Y  plotter 
(increments  of  0.001  inch). 
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Figure  C-2.  Cieometry  of  the  Detonics  Facility. 
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ANNEX  D - INTRODUCTION 


OVERVIEW 

I he  U.S.  Army  AMRDl  (Air  Mobility  Research  and  Development  laboratory) 
IS  the  RAD  (research  and  ilevelo(iment ) laboratory  of  the  U.S.  Army  AVSCOM 
(Aviation  System  Command).  I'he  AMRDl.  lieaili|uarters  are  located  at  Ames 
Research  Center.  Moffett  I ield,  CA,  witli  laboratory  elements  located  at  Ames 
Research  Center,  Moffett  f ield,  CA;  Lewis  Research  Center,  Cleveland,  Oil;  l^ngley 
Re.search  Center,  Hampton.  VA;  and  fort  Eiistis,  V'A.  I'he  AMRDL  is  chartted  with 
the  follow inj;  mission; 

1.  Rian,  develop,  manage,  and  execute  for  the  U.S.  Army  AV.SCOM  the  re- 
search and  exploratory  development  program  and  the  advanced  development  program 
through  demonstration  of  technology  to  provide  a firm  technical  base  for  future 
development  of  superior  airmobile  systems. 

2.  Manage  and  direct  tin  a task  basis,  as  assigned  by  CO  (Commanding 
Oeneral),  .W'SCOM,  tasks  in  advanceil  atul  engineering  development  subseipicnt  to 
demonstration  of  technology. 

3.  M.iintain  cogni/ance  of,  and  provide  consultative  support  for,  advanced 
development  subsequent  to  demonstration  of  technology,  engineering  development, 
operational  development,  and  test  for  all  .Army  airmobile  systems. 

4.  Provide  technical  consultation  and  independent  risk  assessment  to  CC, 
.AVSCOM,  for  systems  and  components  umler  development. 

I he  goal  of  the  AMRDL  R&D  activities  is  to  concurrently  maximize  mission 
capabilities  and  operational  effectiveness  of  Army  aircralt  and  minimize  lifc'-cycle 
costs.  I he  laboratory  ’s  RAD  program  speeifically  adilresses  aircraft  s;ifety  and  surviv- 
ability. propulsion  systems,  improved  rotor  and  other  subsystems,  and  reliability  and 
mamt.imabihty. 

I he  I list  is  Directorate  at  Port  Eustis,  V.A,  is  organized  into  three  research 
divisions  (Military  Operadons  lechnology,  reehnology  .Applications,  and  .System 
Support),  and  four  support  divisions.  Lhe  ballistic  test  capability  is  in  the  Safety 
and  Surv ivabihty  Lechmcal  Area' of  the  Military  Operations  Technology  Division. 
Mr.  J.  Robinson.  Head,  Vulnerability  and  Protection  Branch,  tele(ihone  H04-878-3R02, 
or  Mr.  ( . M.  Pedriani,  m cnarge  of  range  o|ierations,  are  the  primary  points  of 
contact  lor  AMRDl  balhsli,.  testing. 


(.ENLRK  \IR(  RAI  I SYSIEMS  (SUBSYSTEMS)  TESTED 

lhe  AMRDl  I ustis  Directorate  is  primarily  oriented  toward  rotary-wing  aircraft 
tc  ling,  but  also  h.is  the  capability  for  testing  light  fixed-wing  aircralt.  .All  rotary- 
wing aircraft  systems  and  subsystems  can  be  tested  ballistically  either  as  isolated 
com|xments  or  Installed  in  test-bed  aircraft. 
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SI  RVIV  AlUl  n Y/VIU.M  RAHILITY  I Adi  1 1 U S 0\  I KVIl  W 

riu'  AMRDI  1 list  is  Diri'ctonitc  lias  one  ouliloor  tioilown  (nnl  aiui  one  com- 
liination  iiuloor/oiitdoor  I'irini;  I'aeilitv.  I lie  .3()-  and  .Sll-ealiher.  and  14.5-inm  Al’ 
and  AIM  projeetiles  may  lie  lireil  at  the  combination  indoor /outdoor  tacility  and 
projectiles  up  to  23-mm  111  11  may  be  fired  at  the  outdoor  tiedown  facility.  Test 
tarjicts  from  small  material  specimens  up  throuitli  operatmi:  aircraft  can  be 
accommoilated. 


AC  CI  SS 


The  AMRDL  1 ustis  Directorate  is  located  at  fort  l.ustis,  VA  (within  the  ijeo- 
eraphical  boundary  of  Newport  News,  VA).  on  tlie  east  bank  of  the  James  River.  It 
IS  reached  via  I'.S.  Route  b4,  exitinj:  west  on  Virginia  Highway  10.*).  M he  main  gate 
tor  1 ort  I ustis  is  located  approximately  I mile  west  of  U.S.  Highway  b4.  T here  is 
railroad  access  to  the  Chesapeake  & Ohio  Railroad.  I'elker  Army  Airfield  is  locateil 
on  liase.  and  Patrick  Henry  Airport  is  a|iproximately  Smiles  south  of  the  base. 
Deep  water  seaport  facilities  are  located  on  the  James  River  adjacent  to  the 
laboratory. 


I MJRK MION  MMMT  NANCi;  CAI’ARIUTY 

The  labrication  and  maintenance  capabilities  at  the  AMRDI,  1 ustis  Directorate 
are  excellent.  I ull  machine  shop  capabilities  are  available  for  fabrication,  mainte- 
nance, and  moditication  of  ofierational  experimental  aircraft  systems.  ITie  C..S.  Army 
I rans|iortation  .School  is  located  at  f ort  I ustis  and  can  provide  additional  repair  and 
maintenance  capabilities. 


KX.ISIK  AL  SlilM'ORT  CAPABILITY 

I he  loc.ition  ot  the  .AMRDI.  I ustis  Directorate  at  Port  l ustis  assures  the  lab- 
or.itorv  111  excellent  logistical  support  from  the  U.S.  Army  Transportation  School.  In 
addition,  various  .Army  .Aviation  Transportation  ami  support  units  are  also  stationed 
.it  I ort  I ustis. 


INDOOR  OUT  DOOR  BALLISTIC  IL.ST  I ACTLITY 

BALLISIK  S RAN(.I 
Dimensions 


I he  B.illistics  Range  is  a combined  indoor/outdoor  firing  facility  consisting  of 
two  remodeled  vans  which  provide  an  indoor  area  approximately  .‘'0  by  24  feet.  The 
van  IS  ilivided  by  ()..‘i-inch  armor  plate  into  an  instrumentation  laboratory  area  and  a 
firing  range  as  shown  m l igureD-l. 
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The  iiui<)or  portion  ot  the  r;int>c  is  1 2 feet  wide  hy  27  feet  long  by  8 teet  high. 
Projectiles  ;'re  stopped  by  an  armor  plate,  sand-filled  backstop  located  at  the  end  of 
the  van. 

On  the  mitiloor  portion  of  the  range,  projectiles  am  be  fired  up  to  100  feet 
into  a concrete  block,  earth-covered  bunker  approximately  8 feet  wide  by  1 1 feet 
deep  by  iOfeet  high.  An  overheail  door  at  the  bunker  end  of  the  van  can  be 
opened  to  provide  an  inside  firing  position.  The  bunker  lloor  is  slopeii  towaril  the 
front  so  that  fuel  from  ruptured  fuel  tanks  will  drain  into  an  underground  sump 
(immediatelv  in  front  of  the  bunker)  to  reduce  the  fire  hazard  during  fuel  tank 
tests. 

Weapons,  Projectiles  Available 

The  following  projectiles  may  be  fired  at  the  Ballistics  Range: 

1.  .30  caliber  (rilled  and  smooth  bore  barrels) 

2.  .50  caliber  (rified  and  smooth  bore  barrels) 

3.  14.5-mm  (rified  and  smooth  bore  barrels) 

Only  .30-  or  .SOcaliber  ball,  AP,  or  API  projectiles  may  be  fired  on  the  indoor 
(X)ition  of  the  range.  Targets  may  contain  no  tlammable  hquiils  on  the  indoor 
range,  hut  targets  placed  in  the  earthen  bunker  may  contain  up  to  200  gallons  of 
.iviation  fuel.  (Limits  for  individual  tests  are  established  by  range  personnel  on  the 
basis  of  the  fire  hazards  involved.) 

A portable  test  fixture  can  he  used  to  apply  up  to  1000  in-lb  of  torque  to 
material  specimens  up  to  4 feet  long  and  8 inches  in  diameter.  A portable  fixture 
capable  of  applying  up  to  50,000-poimd  tension  loads  on  panels  approximately  1 by 
2 feet  is  also  available  at  the  range.  The  fixtures  will  maintain  toad  during  and  after 
ballistic  impact,  l-.xtensive  materials  test  facilities  are  available  in  the  Structures  Tech 
Area,  Technology  Application  Division. 

j-.iivironment 


Targets  may  be  temperature  conditioned  using  portable  heating  or  cooling  de- 
vices. I here  are  no  other  environmental  simulation  capabilities  at  this  range. 

L.ive/ Inert  Tire 

Only  ball.  AP,  or  API  projectiles  may  be  fired  at  this  range  facility. 

Siifety  (ami  Security)  Rc<iiiiremeiils 

Range  siifety  procedures  are  available  upon  recpiest.  Classified  material  and 
equipment  can  he  accommodatetl. 
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Power  A>:iil:il)ililv 

Stamiaril  110-  aiul  220-volt.  3-phase  puwar  is  availahle  (400-anipere  service). 
l*ortal'>le  venerators  provide  tor  otlier  power  reiiuireiiients. 

Ohserv.ilioii,  C'oinnuinication 


lests  can  he  observed  directly  thronj’li  viewiii);  ports  or  on  color  \ideo 
monitoring/recordini;  equipment  locateil  at  the  site. 

In-Miyht  Ha  Hist  ic  1 list  rii  mental  ion 

No  in-tlight  lialhstic  instrumentation  is  available  at  this  tacility. 

I erminal  IhiHisn^  I nsiru nimiiat ion 

I ,\SI  R 1*1  It)  I ( )( iR.API  h . Pluitographic  coverage  ol  tests  is  [irovided  by  still  and 
high-speetl  cameras  with  frame  rates  up  to  I H.OOO  trames  sec.  I astex  cameras 
(1000  to  I X.OOO  frames/sec),  one  Milhken  camera  (400  trames,  sec).  1 0 I’hotosonic 
cameras  (up  to  1000  frames/sec),  and  a 7.S-mm  tlulcher  (up  to  50  frames/ sec)  an. 
available  lor  use.  Test  results  can  also  be  recorded  on  twr)  video  tape  color  re- 
cr^riling  systeins. 

.Additional  photcrgraphic  instrumentation  can  be  provided  by  the  laboralor>’s 
Pholographu  Instrumentation  Section. 

I I\11N(  I.  Se(|iicncmg  of  the  test  events,  i.e.,  instrumentation,  (ihologr.ipliK 
ei|ui|iment,  aiul  gun  tiring,  is  accomi'lished  through  a programmable  control  system, 
rile  projectile  velocity  is  recorded  on  chronographs  with  /asec  accuracy,  light  screens 
or  grid  |iaperbreaks  are  useil  to  trigger  the  chronographs. 

II.AKDW  IKI  . A Vidar  Digital  ilata  logger  with  the  capacity  i>l  recording 
80  channels  ol  K or  J type  thermocouple  lineari/ed  data  and  20  channels  ol  other 

. mV  inputs  at  a scan  rale  ol  up  to  1 2 channels'see  can  be  used.  Data  Irom  this 

j system  can  he  reduced  on  line  with  a IIP  (Hewlett-Packard)  realtime  processcir.  Direct 

write  oscillographs  with  a Ireijuency  response’  ol  2000  II/  as  well  as  magnetic  tape, 
I'M  or  direct,  with  a Irequency  response  up  to  20.000  II/  are  available.  A variety  of 
! transducers  and  signal  conditioning  are  available,  .is  is  a memory  scope  for  high- 

speed recording. 

f 

OiriDOOK  f .ACILIIY  HI  K ACS  ( Hallistic  lest  Range, 

•Aircraft  Survivability) 

Dimensions  )!  igiire  D-2 ) 

I 

H IK, ACS  is  a lOO-ft-  macadam  pad  with  numerous  tiedowns  for  securing 
rotary-  or  tlxed-wing  aircraft  for  testing.  A 30-foot-high  earthen  embankment  pnv 
vides  ballistic  protection  on  three  sides  of  the  pad.  I’ersonnel  protection  is  provided 
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by  .1  inovabk'  arinor-platc  slm-Kl  witli  vision  block,  l iring  ranges  of  up  to  150  feet 
coulil  be  prin  kleil  if  desired.  Subsv stems,  systems,  or  entire  aircraft  (including  full 
fuel  tanks)  may  be  tested  at  this  facility. 

VNea|)ons  Projectiles  Available 

In  addition  to  the  projectiles  fireil  at  the  Ballistics  Range,  23-mm  HI  11  can 

also  be  lireil  here.  I'he  s;ime  launchers  are  used  on  both  ranges,  riie  test  fixtures 

b'r  applvim;  torque,  ilescribed  for  the  Ballistics  Range,  can  also  be  used  at 

B1  R \{  S. 

I iivironmenl 

This  range  is  an  open  air  range.  A 12-  by  50-foot  building  for  personnel 

protection  and  data  aaiuisition  eriuipment  and  a 40-  by  60-foot  building  for  speci- 
men assembly  arc  located  near  the  macadam  pad. 

Live  Inert  I- ire 

lave  fire  is  permitted  at  this  range. 

Siifety  (anil  Security)  Requirements 


Range  safety  requirements  are  available  upon  request.  There  are  no  facilities  for 
storage  ot  classilied  material  or  equipment  at  BTRACS,  but  provisions  can  be  made 
tor  removing  sulIi  equipment  to  a secure  facility  during  nonworking  hours. 

Power  Availability 

A transtormer  is  located  at  the  facility  with  ample  power  distribution  to  all 
buildings  as  well  as  around  the  perimeter  of  the  macadam  pad  itself. 

Observation/Communicalion 


lests  can  be  observed  directly  through  a vision  block  in  the  personnel  shield  or 
through  either  of  the  two  color  video  monitoring/recording  systems.  Range  personnel 
use  portable  communication  devices  for  necessary  communication  between  pad  and 
instrumentation  areas. 

In- 1 li^hl  BalliAtj(L li'saruinmilaliim 

No  m-night  ballistic  instrumentation  is  used  at  this  range. 

Tennmal  Ballistic  Instrumentation 

All  instrumentation  used  on  the  Ballistics  Range  can  also  be  used  on  BIRACS. 
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DM  A MANDUN(;/PK(K  I SSIN(, 


DM  A STOKACD  AND  KI  TRII  V AL  (f  igure  D-.D 

D.ita  reiluetion  Irom  pliotograpliic  test  coverage  is  done  inamially.  Data  can  he 
keypunched  onto  computer  cards  tor  computer  ilata  analysis.  Data  can  he  stored  on 
magnetic  tape  or  punched  cards. 


gi)l(  K-LOOK  ( APAHll  ITU  S 

1 \tensive  data  aci|uisition;|)rocessing  e^|uipment  is  located  on-site.  A 

I extronix  405 1 with  hanl  copy  unit  anil  a Biomotion  Wave  I'orm  Analyzer  permit 
on-the-spot  analysis  ol  hatch  data  and  selected  high  t'reiiuency  int'ormation.  Magnetic 
tape  playback  onto  oscillograph  paper  can  also  he  accomplished.  The  color  video 
recordings  Irom  two  camera  positions  can  he  previewed  immediately  in  slow-  or 
sto|vinotion  through  dual  monitors  or  through  a special  effects  generator  to  a single 
screen. 


PKOC  I SSIN(, 
System  and  Model 


l ime-sharing  access  is  readily  available  to  an  IBM  360/65  system  (U.S.  Army 
Aviation  Systems  ( ommand.  St.  Louis,  MO),  ('l)('-6600  (Picatinny  Arsenal,  Dover, 
N.l),  and  a Univac  1108  system  ( 1 dgewood  Arsenal,  I dgewood,  MD).  Several  HP  and 
Wang  programmahle  calculators  are  also  available. 

l.anguage 

lOKIKAN  IV  can  he  used  on  the  IBM,  C’DC,  and  Univac  systems.  A special 
symbolic  coding  language  is  used  for  the  IIP  and  Wang  calculators. 

Input /Output  Options 

Input /output  is  accomplished  through  a ('OPL  1200  hatch  RJli  terminal  w ith 
punched  cards,  magnetic  tape,  or  high-speed  printer. 

Real  t ini^  I nteraciion 

lime-sharing  access  to  the  IBM  360/65  system  is  provided  by  a time-sharing 
2741  ISO  terminal. 


DISIRIBUnON 

I urnaround  time  lor  ballistic  tests,  data  reiluction,  and  processing  is  highly 
dependent  upon  the  lest  configuration  and  the  amount  of  data  to  he  recorded  and 
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reiliiccii.  I’ltotoprjphic  coverage  of  a test  can  usually  be  provided  within  I day  for 
black  and  white,  and  2 to  7 days  for  color  films. 


DISPLAYS 

Oscillograph  traces,  chronograph  video  tape  records,  and  hard  copy  displays 
from  the  Fextronix  405 1 readouts  provide  immediate  information  on  test  results. 
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l ig\irc  l>-3.  li  1 RACS  Inslrumentalion  and  I ranslalion  System. 
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ANM  X 1.  - IM  KODIKTION 


OVl  KVIl  W 

» I lu'  I .S.  Ariin  HRl  (Ikillistii.  Kcscardi  I.alioralory ) localcd  at  Aberdeen 

I’roviMi;  (>round.  Ml),  has  tlk-  mission  to  in'rtbrm  the  t'unetions  of  lead  laboratory 
tor  balhsties  and  lor  \ idnerabihly/vulnerabihty  reduction.  Ihese  I'unetions  are  to 

esiablisb  and  maintain  a stroni;  and  viable  weapons-oriented  basic  research  program 

m physics,  chemistry,  mathematics,  anil  engineering  related  to  long-term  Army  needs 
and  directed  toward  overcoming  technological  problems  in  defense-related  technologies 
t such  .IS  ballistics,  vulnerability,  communications,  detection,  tracking,  surveillance. 

propulsion,  mobility,  guidance  and  control,  navigation,  energy  conversion,  materials, 
and  structures.  In  addition,  HKl  is  responsible  for  evaluating  Ibreign  and  domestic 
weapons  and  materiel  systems  and  providing  technical  services  to  various  commands 
ol  the  r.S.  Arnu  Materiel  Develi'pment  and  Readiness  Command,  the  Department  of 
the  Army,  the  Department  of  Defense,  and  other  government  a.gencies. 

Historically,  RRi,  has  been  the  center  of  weapon  ballistic  research  tor  the 

Army.  It  has  worked  closely  with  the  other  services  and  their  laboratories  and 

centers  to  lorm  the  core  capability  in  the  ballistics  and  vulnerability  areas. 

from  an  organi/.ational  standpoint  BRL  is  comprised  of  six  different  divisions 
along  witb  a directorate  for  support  services.  The  six  laboratories  are; 

1.  Rropulsion  Division 

2.  f.auneh  and  flight  Division 

,C  ferminal  1 fleets  Division 

4.  Warhead  Mechanics  Division 

.“i.  Vulnerabihty/fethalily  Division 
j (\  Hallislic  Modeling  Division. 

j I he  ballistic  lest  facilities  ol  interest  for  this  survey  are  located  in  the  V'l  I) 

1 * ( Vulnerability, 'l.ethality  Division),  the  fl  1)  Clerminal  f.tfects  Division),  and  the  VVMD 

iWarhead  Mechanics  Division),  fhe  primary  points  of  contact  for  the  three  labora- 
tories are. 

, I.  Mr.  Richard  Vilah,  WMD,  telephone  .^01-278-4706,  DRXBR-WM 

' f 2.  Dr.  William  (iillich.  II  I),  telephone  .^0 1-278-226.C  DRXUR-ff 

Mr.  Donald  Mowrer,  Vl.D,  telephone  301-278-2878,  DRXHR-Vf  Icurrent 
ch.nrman  ot  the  Vulnerability  Assessment  .Subgroup  ol  the  JI'CC.-AS). 
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(.IMKK  MKtKAII  SYS  1 1 MS  ( SI' HSVS  1 1 M S)  IISIII) 

All  l\ivs  ol  rolcirv-winj;  .iii\ratl  snsUmus  .mil  Milis\sli'ms  ini.luilm;.’  .mli.mu'. 
lli;ahl  conlrols.  proiniKioii,  lud  ii'lls.  ,iiul  mimitiims  !u\i'  Ik-i'm  tisti'd  i.uiliiiiK  .il 
KRl.  M.iin  h\oil-ump  .iiroalt  tests  li.i\i'  .ilsn  been  snniluLteil. 

SI  KVIV  \HI1  in/Vl'LM  K \mi  II  Y I ACIl  nil  S OVI  KVIl  AN 

I lelit  hallistK'  t St  I'aalities  wcie  leviewoil  iliiriiu'  tins  sui\e\.  All  eiiilit  ol  these 
laeililies  e.m  be  elassitieil  as  terminal  ballisiie  I'aeililies  lor  \ ulnerabilils  leslm;-’  sinee 
then  |>nmar\  orienl.ili  >i  is  tow.inl  the  projeel ile-tareel  interaetion.  bout  ol  the  BRI 
ballistie  lest  t.ieilities  are  outdoor  laeililies,  and  lour  are  indooi  bieililies.  1 wo  of 
the  nuloor  laeililies  possess  uniiiue  eapabihlies  lor  tesline  at  a simulated  hieh 
.iltitude. 


U t I ss 

Aberdeen  I’roving  (Iround  and  the  BRI  .ire  located  dO  miles  north  ol'  B.iltimore, 
Ml).  5 miles  east  ol  the  intersection  of  Interst.ile ‘>5  and  Slate  Iliehwav  12.  In  addi- 
tion to  road  access  both  rail  and  airfield  services  are  available  on  |iost.  1 he 
capabihtv  to  unload  potential  test  items  by  usint:  the  ( hesape.ike  B.iy  and  seauoine 
vehicles  exists  but  norm.illy  is  not  employed.  Of  partKular  v.ihie  to  the_ar.''cT;r! r 
survivability  prour.im  is  the  fact  that  I’hillips  Airneld,  onyo-a-n  Aar  I orce  airfield,  is 
loc.iled  on  post.  Il  h.is  a runway  sufficien.1  to- -land  'any  aircraft  including  a C-d  A.  In 
^lose  proximuy  to  the  ..airJicld  lire'  .i  maiority  of  the  ouldooi  facilities  used  for 
terminal  ballistic  testine  of  aircrall  subsystems  so  th.il  aircraft  can  be  flown  in. 
stored  nearby,  and  tests  c.in  be  conducted  keepine  tareel  preparation  time  to  a 
minimum. 


M MM  I N ANt  1/1  \BRK  A I ION  C Al’ABIl  I l Y 

I he  'namtenance  and  fabrication  capability  of  BRI,  is  extremely  iiood.  especially 
when  considermi*  Ih.il  they  can  work  in  coniunction  with  the  MID  iM.iteri.il  lest 
Directorate)  of  Aberdeen  I’rovini!  (iround  as  well  as  the  laeililies  of  the  D..S.  Army 
Ordnance  School,  etc.  .Almost  all  types  of  field  and  operational  maintenance  .is  well 
.IS  laboratory  type  fabrication  can  be  supplied  at  Aberdeen  I’rovini:  (Iround. 


KX.ISIKAI  SUI’I’ORI  ( \r\BliriY 

l.ojtistical  support  c.ip.ibility  must  be  rated  as  one  ol  the  best  ol  .ill  the  facil- 
ities surveyed  since  land,  air,  and  rail  service  are  supplied  direetly  to  the  base,  in 

addition,  there  are  sulficient  on-posi  operatiinial  support  personnel  and  lopislical 

support  capability  that  m.iny  ol  the  normal  day-to-day  lopistics  functions  can  be 

accomplisheil  with  little  or  no  impact  on  the  overall  propram,  lastly,  the  tact  Ih.il 

the  .Aberdeen  I’rovmp  (.round  h.is  many  potenti.il  lest  items  located  on-post  either 
III  storape  or  on  e.xhibit  makes  the  availability  of  potential  larpet  maleri.il  almost 
unlimited. 
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INDOOR  I ACILini  S 


lu  \si  srin  Ri  i .\ni,iT\  ivi  d) 

Ilk'  Rlasi  Splk'n.'  I•.k.■ility  is  loc;ili'il  on  tlio  cxtrciiic  scuitlicasti.'rn  portion  of 
Spi.'sutic  Ul.ind.  rik'  primary  tuiKlion  ol  tik'  blast  splicro  is  to  simulatL'  higli  altitude 
detonations. 

DiiiifiisiiMis 

I he  spherical  chamber  is  dO  feet  in  diameter  with  2.75-inch-thick  walls  and  has 
a 12-loot-diameter  door  larjie  enou};h  to  accommodate  many  full-scale  experiments. 
1 he  la'.ihtv  can  .iccornmodate  explosions  of  up  to  H |ioumls  of  III  (hi}:h  explosive) 
at  sea  level  conditions.  I’rogressively  larger  sized  ilelonations  can  he  accommodateil 
.IS  the  chamber  is  pumped  dmvn  simulating  an  altitude  increase.  \ 4()-foot-long. 
1 l)-loot-ih.imeter.  terminal  ballistic  firing  range  is  adjacent  to  the  tihiitf  sphere.  1 he 
two  ranges  can  be  connected  or  o|ierated  iiidep'ziuK'ntly.  I'lie  4()-fool  range  has  a 
-f-looi-ili.inieter  access  door  to  the ' cylnuler.  I lie  4()-fool  range  is  fabricated  of 
L2inch  steel.  . 

Weapons  I’rojecl.les  Available 


I’roiectile  launchers  Ironi  7 mm  up  to  and  including  51  mm  can  be  mounted 
inside  the  ivlmdei  and  fired  into  the  sphere.  In  addition,  warheads  eriuivalent  to 
X pounds  111  can  be  exploded  within  the  sphere  at  sea  level  conditions.  Up  to 
1 pound  111  can  be  fired  m the  40-loot  cylinder  at  sea  level  conditions. 

I nvironiiieiil 

1 he  Isl.ist  sphere  can  simulate  pressures  down  to  O.Ol-min  llg,  an  altitiule  of 

approximatciv  I 7“'. 000  feet.  Moth  the  cylinder  anil  the  blast  sphere  can  be  evacuated 
at  the  same  time  with  the  weaiions  firing  taking  place  at  any  simulated  altitude 

reipiired. 

l.ive^liiert  I ire 

I he  blast  sphere  and  adjacent  40-foot  range  can  accommodate  live  and  inert 

tire.  Instrumentation  is  available  to  handle  all  types  of  live  firing;  however,  special 
provisions  must  be  instituted  to  protect  instrumentation  from  fragments  when  frag- 
menting projectiles  are  fired.  Iliese  provisions  are  currently  being  reviewed  and 
updated  in  connection  with  a future  experiment  to  be  condueted  in  the  blast 

sphere. 

Safely  (and  Seciiril\_)  Re<|tiirenients 

1 he  standard  safety  operating  procedures  tor  the  blast  sphere  are  determined 

lor  each  separate  experiment  to  be  conducted.  Miere  is  no  general  standard  oper- 
ating cirocedure  in  terms  of  safety  for  the  operation  of  the  sphere,  other  than  that 

one  he  established  for  each  si-ries  of  firings.  The  sphere  doors  and  other  open  areas 

have  safety  interlocks  to  ensure  range  safety  before  any  firing  events  can  occur. 
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( l.issitii.\l  weapon  systems  ean  be  aeeommodaletl  in  bolli  llie  lilast  sphere  ami 
the  ey liiulrie.il  ranee.  Speeial  |iroeerlures  would  probably  have  to  be  instituted  to 
ensure  einnplete  seeurity;  howe\er,  the  remote  location  plus  the  normal  operatine 
proeevlures  tor  the  range  ean  accommodate  this  particular  contingency. 

Power  \vailabilit\ 

Normal  110-  aiul  J20-\oll.  d-phase  [tower  is  available  to  the  blast  splwFe-tliur 
the  b.illistic  ccinuler.  However,  power  outages  can  occur,  part icTTlarry  during  the 
summer  months,  due  to  the  ilemaiuls  ol  ot Ikt  .bw ihtii?s  on  the  island.  Improvements 
111  [tower  availability  have  been  ..requested' tor  future  tests.  In  adilition,  generatetrs  can 
be  obtained^  lr;t.in - fVlterdi“en  I’roving  (iritund  to  su[t[tort  [tarticular  tests  with  [teculiar 
.[xtwer  sii[t[iiy  requirements. 

Observation  ( omiminication 


Setme  .^2  viewing  ports  are  available  antund  this  sphere.  In  addition,  viewing 
[titrts  are  Ictcateil  .dong  the  ballistic  chamber.  These  viewing  [torts  are  used  to  mount 
ph(tt(tgra[t|iic  inslrumentatirtn  t(t  be  used  in  the  pitst-test  evaluation  of  the  ex[teri- 
ment.  All  o[tetati<tns  are  controlleil  Iron  an  instrumentation  trailer  locatevi  some 
ilisiance  Irom  the  blast  sphere  and  the  ballistic  cylinder. 

In-Hight  Ballistic  Instrumentation 


I he  (tnly  in-flight  ballistic  instrumentation  in  the  blast  sphere  or  the  cylinder  is 
.1  portable  pa[ier  screen  velocity  measurement  device  used  to  measure  the  time 
interval  between  the  proiectile  breaking  one  [ia[ier  screen  and  [liercing  the  one 
lurthet  down  the  ballistic  [lath. 

J^nuinal  Ballistic  Instrumentation 

J^ASI  K I’l  l( ) I ( )( iK  AIM  n_.  I he  majority  of  the  [ihotogra[ihic  instrumentation  is 
combined  in  the  use  ol  three  .SOO  Irames'sec  llycam  and  400  Irani es; see  Mitchell 
cameras.  I hese  cameras  can  be  mounted  in  any  of  the  .^2  observation  [xirts  of  the 
blast  s[iliere  or  the  cyhinler. 

I IMINt  I.  I he  only  timing  system  available  in  this  facility  is  timing  of  wea[ion 
lunctions.  No  atteiiqit  is  made  to  tmie-eorrelate  other  events  such  as  the  [iho- 
togra[iliy  and  pressure  measurements  with  gun  functions. 

II  I I Ml  TRY.  The  majority  of  the  instrumentation  other  than  the  [ihotographic 
type  uistrumentatjon  is  cont.iined  in  the  two  14-channel  ta[ie  recorders  for  hardwire 
instrumentation  both  on  wea[ion  lunction  and  blast  pressure  ['ro['agat  ion.  These 
l4-channel  recorders  are  high  lrei|uency  ami  s[ieeilically  tailoieil  to  blast  ['ressure 
measurement  recording. 
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I i)\ ir(>iiiiu'Ml:il  SiiniilnlioM  ;iiul  Nloasiimncnt 


SiriuiLilioii  ul  jII itiidcs  iiji  .l(i— ! -7-5t(7()0  tVct  can  he  acct)mplishcd  in  a relatively 
short  time.  I he  _ upper  iimiT  on  altitude  simulation  is  approximately  .^71). 000  feet, 
whisji__rs  ^ecfTTiesond  any  surveyed  rei|uirement. 


INDOOR  II  SI  riKIM,  R \N(.I  (Kanjte  161,  Bldg.  .190)  (VLD) 

1 he  Indoor  lest  firing  Range  is  primarily  a utility  terminal  ballistic  facility  for 
expeilitious  and  efficient  testing  ot  components,  materials  and  any  other  small 
targets  (except  111  and  ll.immable  Hiiids). 

Dimensions 


rile  Indoor  lest  firing  Range  consists  of  three  rooms:  an  observation  room,  a 
firing  room,  and  a target  room.  Projectiles  are  fired  a maximum  distance  of  3.'i  feet 
into  a sand  butt  m the  target  room. 

Weapons  I’rojeeliles  \vailable 

file  Indoor  lest  I iring  Range  can  accomiiKHlate  launchers  for  projectiles  up  to 
■R)  mm  and  Iragnienis  up  to  500  grains.  Moth  rilled  and  smooth  bore  launchers  with 
diameters  troni  0.1  to  0.8  inches  can  be  used  for  powder  launch.  Two-stage  light  gas 
guns  with  launcher  iliameters  from  0.2  to  0.6  inches  can  also  be  used  in  this  lacility. 
Both  foreign  and  domestic  projectiles  can  be  fired.  No  Ilf.  or  III  ! projectiles  may 
be  fired.  Sabots  may  be  useil  to  launch  various  si/.ed  tragnients  or  projectiles  of  less 
than  .10  mm.  Projectiles  may  be  launched  up  to  .1500  ft/sec;  fragments  niav  be 
l.iimched  up  to  7000  ft/sec  (or  taster  with  light  gas  guns). 

S|iecial  barrels  are  available  for  achieving  controlled  tumbling  and  yawing,  it 
ilesired.  largcting  at  this  tacihty  is  (luite  flexible.  V'irtually  any  target  that  can  be 
. commoilated  by  the  range  access  door  (36  b>  80  inches)  may  be  fireil  at.  No 
tlammable  liiiuids  may  be  tested  in  this  tacihty. 

f iiviriiiiineiit 

Only  ambient  sea  level  atmospheric  conditions  can  be  accommodated  by  this 
facility. 

l.ive^lnerl  l ire 

No  live  III  projectiles  may  be  fired  in  this  facih'.y.  No  fire  into  tlaniinable 
luiuids  will  be  allowed  at  this  laciht>. 

Safely  (and  Security)  Re(|uirenienls 

I here  is  a staiulard  s.ilety  operating  proveiltire  useil  for  this  (.ailitv  aiul  it  is 
available  at  the  BRl  Salety  OUlce.  (’lassifieil  material  and  eqiiipnienl  c.m  Ih‘ 
accomnioilated  by  this  facility. 
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1*0  \\  or  \v;iilal)ilil\ 

All  nuijor  powoi  ('plions  .iro  ;iv;iil;ihlo  with  ponortitor  c;ip;ihility  also  avtiilabk'  lor 
peculiar  rciiuircmcnts. 

Ohservation  C oniimmicalioii 

1 ivc  ohscrsalion  of  test  t'irin.L'  is  tieeomplished  through  viewing  ports  in  the 
ohservation  room. 

Iml- lidi I Hallistie  Instriimonlal ion 

In-lliehl  hallistie  nistruinentation  normally  is  not  installeil  in  this  taeility. 
lermiiial  Hallistie  Inslninienlalioii 

I ASI  K 1*1  It  > I ( )( I KAI’I  I*)  ■ I lieh-speeci  motion  picture  cameras,  l astex  cameras 
with  frame  rates  I'rom  100  to  1000  ft  sec.  record  the  tests  from  viewinit  ports  in  the 
ohservation  room.  1 he  indoor  rtinize  may  he  hlackeil  out  for  aapiisition  of  spark 
photoitr.iphs,  it  desireil. 

Chronographs  m;iy  he  used  to  record  strikiniz  velocity  atiil  resiilual  velocities  of 
protectiles.  Ailditional  ehronouraphs  may  he  used  to  reeonl  any  other  desired  infor- 
mation. 1 he  accuracy  ot  the  ehronoeraphs  is  on  the  order  of  I ft/see  velocity.  Moth 
hlack  and  white  ;iiul  color  photographs  c;in  Ire  obtained,  if  ilesired.  Sptirk  photoit- 
raphv  ,ind  tl.isli  radiographs,  alone  with  recovery  packs,  c;m  also  he  used,  if  ilesired. 
Hie  recovery  (xicks  are  constructed  to  the  nortnal  standards  set  hy  the  three  services 
atui  used,  not  only  at  HRl,,  hut  also  at  NWC  and  ADIC. 

I l\IIN<  I.  I imini;  is  usually  ot  only  secondary  importanee  at  this  facility,  hut 
synchroni/.ition  ot  cameras,  ehronojiraphs,  and  iiun  functions  could  he  aeeom|ilished. 

I I L I .M I I K *1 . Only  laritet  events  normally  are  telemetered  or  hardwire 
measured. 

0 1 1 II  K.  Staiul.ird  recovery  piacks  ,ire  avaikilde  for  use  iti  determining!  the  si/e 
and  penetration  velocity  of  I raiments.  Ihese  standard  recovery  packs  are  suhject  to 
normal  tahhration  reipiirements  as  estahlished  hy  a IfRI  tnemoraiulum. 

IjivimnmeiUal  Siiniilalioii  and  MeasureiiienI 

No  sojihist icated  environment;il  simulation  or  measurement  e<|uipment  is  availahle 
m this  indoor  lacihty,  hut  laritet  temperature  can  he  varied  hy  means  of  cold  hoses 
or  healiii).'  eletnenls. 
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PENETRATION  FACILITY  (TED) 

Dimensions 

The  Penetration  Facility  consists  of  two  ranges.  The  first  range  is  approximately 
45  ft-  and  10  feet  high.  Barrel-to-target  distance  is  normally  only  a few  feet.  Pro- 
jectiles are  stopped  with  several  feet  of  celotex  backed  by  armor  plate.  The  second 
range  is  65  feet  long  by  10  ft-  terminating  in  a sand-filled  butt.  Gun-to-target 
distance  is  usually  under  10  feet,  but  the  entire  65  feet  are  usable. 

Weapons/Projectiles  Available 

Powder  launchers  are  available  in  sizes  ranging  from  .22  caliber  to  30  mm.  Frag- 
ment simulators  and  actual  fragments  are  sabot  launched.  The  Penetration  Facility 
does  a great  deal  of  work  in  projectile  development  and  currently  is  investigating  a 
large  array  of  rod  penetrators.  Material  specimens,  components,  or  targets  up  to 
several  feet  siiuare  can  be  used. 

Depleted  uranium  projectiles  may  also  be  fired  on  this  range. 

Environment 

Target  materials  can  be  temperature  conditioned.  No  other  environmental 
simulation  is  done. 

Live/Inert  Fire 

No  ME  or  incendiary  projectiles  may  be  fired. 

Safety  (and  Security)  Keriuirements 


All  firing  is  conducted  from  the  fire  control  room  just  outside  the  range.  An 
interlock  systct?i  is  used  to  prevent  or  interrupt  firing  when  personnel  are  either  in 
the  terminal  target  area  or  the  weapon  firing  room.  Range  safety  operating  pro- 
ceriures  are  available  upon  request. 

riassified  material  or  e((uipment  may  be  stored  at  this  facility. 

Pow er  Availahi I i^ 

Normal  110-  and  220-volt,  3-phase  power  is  available  at  the  facility.  Other 
|X)wer  reciuirements  can  be  met  with  portable  generators. 

Ohscrvation/C'ommunicalion 

No  live  observation  of  tests  is  allowed. 

In- 1 light  Ballistic  instrntnentation 


No  m-tlighl  ballistic  instrumentation  is  used. 
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TemiiiKil  Lkillistic  Inslriinicntalion 


LAStiR,  Tl  K)T()(i  RAIMI  Y.  Up  to  nine  I'ielcl  I'mission  Corporation  105  ami 
150kVA  x-ray  units  may  lie  useil  on  eitlier  range.  They  are  normally  used  in  pairs 
for  orthogonal  views.  No  high-speed  photography  is  eurrently  used,  but  ean  be  made 
available  if  the  need  should  arise. 

I IMINCi.  llectronic  delays  are  used  to  trigger  the  x-ray  units.  Chronographs 
(0.  l/asee  aeeuraey)  and  paperbreak  are  also  used  for  striking  and  residual  veloeity 
measurement. 

II  1.1  Ml- TRY.  Strain  gage  teehnology  is  available. 

Lnvironmcntal  Simulation  and  Measurement 

Ovens  and  ilry  iee  are  available  to  temperature  condition  target  materials. 


RANGL  R-7A  (WMD) 

Dimensions 

Range  R-7A  conducts  tests  utili/.ing  III',  charges  to  determine  the  damage  level 
induced  by  impacts  from  high  velocity  fragments  on  various  material  test  specimens 
and  aircraft  components.  The  facility  consists  of  two  buiklings  and  two  firing  sites, 
one  indoor  blast  chamber,  ami  one  outdoor  barricade.  One  building  of  approximately 
800  ft-  proviiles  instrumentation  and  laboratory  space  and  houses  the  blast  chamber. 
I he  other  building  is  used  for  preparation  of  HI’  charges. 

Ihe  blast  chamber  is  apiiroximately  0 ft-  with  a 10-foot  ceiling.  This  chamber, 
vented  to  the  outside,  is  constructeil  of  1-inch  armor  plate  backed  by  2-foot-thick, 
rei n forced  concrete. 

Ihe  outdoor  barricade,  approximately  12  ft-  and  15  feet  high,  is  constructed 
from  7-ineh  armor  plate.  It  is  open  but  provides  shelter  from  inclement  weather. 
Cabling  for  instrumentation  runs  from  the  barricade  to  the  instrumentation  building. 

firing  range  can  be  varied  from  2 feel  to  approximately  M feet. 

VVe.-ipons /I’roiecliles  Available 

f ragments  or  simulated  fragments  from  2 to  2000  grains  can  be  launched  at 
velocities  of  up  to  I5,000  fl/sec  using  Ilf  charges.  Multiple  fragment  shots  can  be 
t'lreil  ( u|i  to  thirty  20-grain  fragments  have  been  used).  Ilf  charge  size  and  shape, 
Iragment  location,  ami  detonation  method  iletermine  the  focusing  of  fragments. 

I.nviroiimenI 

No  environmental  simulation  is  done  at  this  facility. 
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Live/lncrt  Fire 


I'ragmcnt  siinuhitors  arc  fired  with  Hli  charges. 

Safet\  (aiul  Security)  Re(|uireiiieiits 

Range  siit'ety  operating  procedures  are  available  upon  request.  Classified  material 
or  equipment  can  be  accommodated. 

Power  Availability 

Standard  110-  and  220-volt,  3-phase  power  is  available  in  the  instrumentation 
building  and  blast  chamber.  Only  that  power  used  by  the  instrumentation  (x-rays)  is 
available  at  the  barricade. 

Observation/Coinmunieation 


Tests  in  the  blast  chamber  may  be  observed  through  observation  ports.  No 
direct  observation  of  tests  at  the  outsitle  barricade  is  allowed. 

In-Flight  Ballistic  Instrumentation 


No  in-llight  instrumentation  is  used. 

Terminal  Ballistic  Instrumentation 

LASl.R/PIR)  roORAPIIY.  High-speed  motion  cameras  can  be  used  to  record  test 
results.  I'astex  cameras  with  frame  rates  up  to  4000  frames/sec  are  available.  A 
Heckman  Whitley  Model  770  Streak  C'amera  is  also  available,  with  writing  speed  up 
to  1 5 mm//isec. 

Up  to  eight  x-ray  photographs  (four  orthogonal  pairs)  may  be  used  at  either 
tiring  site.  The  x-ray  units  are  300  kV  models.  Striking  and  residual  velocities  may 
be  measureil  as  well  as  projectile  orientation. 

I IMlN'Ci.  l iming  is  done  with  oscilloscopes  and  electronic  counters  to  /asec 
accuracy.  Hie  scopes  are  triggered  by  paperbreak  or  electronic  light  screens. 

IIAKDWIRf.  Pressure,  temperature,  ami  strain  may  be  measured. 

Hiy iro nnien tal  Simu I alion  and  M eastiremenl 

No  environmental  simulation  is  done  at  this  facility. 
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OUTDOOR  FACILITIES 

TURBOJET  ENGINE  TEST  FIRING  RANGE 
Dimensions 


Tlie  Turbojet  Engine  Firing  Range  consists  of  an  instrument  block  house,  one 
large  (fixed)  engine  test  stand,  several  smaller  mobile  engine  test  stands,  one  con- 
crete pad  area  and  one  macadam  pad  area.  Large  turbojet  (or  turbofan)  engines  can 
be  accommodated  on  the  test  stands.  Large  or  small  helicopters  may  be  tied  down 
on  the  pad  areas  as  test  beds  or  targets.  Engines  can  be  tested  while  operating.  An 
adjacent  area,  available  for  testing  fuel  cells,  is  especially  arranged  so  that  nammable 
fluids  can  be  tested  with  a minimal  amount  of  collateral  damage. 

Weapons/Project ilcs  Available 


Projectiles  up  to  and  including  23  mm  may  be  fired  at  engines,  transmissions, 
and  power  train  elements  using  either  engine  test  stands  or  a tied  down  helicopter 
as  a test  bed.  Pure  blast  may  be  generated  using  up  to  1/2  pound  of  HE.  Fragmen- 
tation rounds  may  be  tired  if  fragments  are  properly  constrained  to  ensure 
compliance  with  safety  requirements.  Fuel  cells  may  be  tested  in  an  adjacent  area 
using  a TF-30  engine  as  an  airstream  source  for  Are  tests. 


I.nvironment 

Open  air  ambient  atmosphere  conditions  are  the  only  conditions  available  at 
this  outdoor  test  f'.ility. 

Livc/lnert  Fire 


Live  tire  is  allowed  but  fragmenting  munitions  must  be  properly  constrained  to 
comply  with  standard  operating  procedures  for  safety. 

■Satety  (and  Security)  Re(|uiremenls 

A standard  operating  procedure  for  safety  is  available  in  the  Safety  Office  of 
BHL.  A secure  area  can  be  created  to  handle  classified  equipment  aiul  material; 
however,  since  this  facility  is  outdoors,  it  could  require  an  indoor  area  at  some 
adjacent  facility  near  the  Phillips  Air  Field. 

Power  Availal)ility 

Power  is  available  up  to  220-volt,  3 phase.  Special  requirements  (engine  starting, 
e.g.)  are  met  by  portable  generators. 

Oh^Tvalion/Comiminicalion 

Tests  may  be  observed  from  an  instrumented  block  house  using  a (TIV  (closed 
circuit  I V)  system. 
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. In-FlUht  Ballistic  Instrumentation 


In-Higlit  ballistic  instrumentation  is  not  available  since  projectiles  are  normally 
fired  from  launcher  located  immediately  adjacent  to  tlie  test  stand.  Normal  launcher 
distances  are  from  no  more  than  20  to  a few  feet  away  from  the  test  article  to 
minimize  projectile  dispersion. 

Terminal  Ballistics  Instrumentation 


LASFR/PIIO reXi RAIMI Y.  High-speed  motion  cameras  (32  and  64  framcs/scc) 
and  Milliken  cameras  (400  frames/sec)  normally  record  the  tests  on  eitlier  black  and 
white  or  color  film.  Still  photographs  are  also  available. 

TIMINCi.  Blockhouse  timing  synchronization  for  gun  and  engine  functions  is 
obtained  normally.  Usually  no  attempt  is  made  to  synchronize  cameras  with  other 
instrumentation. 


T1:L1  Ml  'I  RV.  All  normal  engine  functions  are  measured  and  recorded  on  hard- 
wire instrumentation.  Other  special  engine  functions  also  can  be  recorded. 

Environmental  Simulation  and  Measurement 


Only  ambient  sea  level  conditions  are  available  at  this  facility. 


UTILITY  OUTDOOR  RANGE  (R-7A)  (VLD) 
Dimensions 


The  utility  outdoor  range  consists  of  a gun  mount  located  less  than  100  feet 
from  an  armor  backstop.  This  facility  is  situated  on  approximately  1 acre  of  land. 

Weapons/Projectiles  Available 

A wide  variety  of  launchers  can  be  made  available  at  this  range  up  to  and 
including  57-mm  launchers.  I'ragments  of  from  1 5 to  240  grains  can  be  accelerated 
(rom  7000  to  1 3,000  ft/sec.  A special  rig  exists  for  firing  at  drive  shafts  and 
bearings  under  load  and  rotating  at  operational  s[ieeds.  Target  size  is  unrestricted. 
Projectiles  can  be  acceleraterl  to  the  hypervelocity  range  using  two-stage  light  gas 
guns,  firings  can  be  conducteil  at  nammable  lliiids  also. 

E.nvironnionl 


This  range  is  an  o|ien  air  facility. 


Live/ Inert  Eire 

Live  fire  may  be  employeil  in  this  facility  including  HE  and  111.1  projectiles. 
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Safety  (ami  Security)  Reriuirements 

Statuiard  operatin{>  procedures  for  safety  at  this  facility  arc  available  at  the 
Safety  Office  of  BRl..  A secure  area  can  be  created  to  handle  classified  material 
and  equipment;  however,  it  would  have  to  be  located  in  an  enclosed  building  some- 
where in  the  Phillips  Air  I'ield  area. 

Pt)wer  Availahilitv 


Ibis  facility  can  provide  normal  110-  and  220-volt,  3-phase  power.  Other  re- 
(juirements  can  he  met  with  portable  generators. 

Ohservalion/Communicalion 


Observation  aiid  communication  is  controlled  from  a small  permanent  building 
t)ti  site. 

In-F'light  Ballistic  Instrumentation 


Paperbreak  velocity  measurement  is  normally  used  for  in-fiight  ballistic 
information. 

Terminal  Ballistic  Instrumentation 

LASI  R/PHO KKiR API lY.  High-speed  motion  cameras  (I'astex  cameras  with 

frame  rates  of  1 00  to  1 000  frames/sec)  record  test  results. 

I INI  INC i.  Chronograiihs  are  used  to  measure  striking  and  residual  velocities  of 
the  projectile.  Gun  and  launcher  function  times,  along  with  velocity  measurements, 
can  he  recordeil  on  a strip  chart  recorder  in  an  instrumentation  trailer. 

Tl  I IMI  PRY.  Strip  chart  recorders  are  located  in  an  instrumentation  trailer. 

()  I HI  R.  Standard  recovery  packs  are  available  for  use  in  determining  the  size 
and  velocity  of  target  penetrating  fragments. 


HLLKOl’Tl  R MAIN  BLADi:  BALLISTICS  TLST  FACILITY  (VLD) 
Dimensiiins 


I'he  Helicopter  Main  Blade  Ballistic  Test  lacility  is  located  on  1 acre  of  land 
between  Ranges  b a ml  7 adjacent  to  Phillips  Air  lield.  A special  test  rig  for  stressing 
a 4-  to  H-foot  section  of  helicopter  main  rotor  blaile  was  designed  and  built  for 
BRL  by  the  Sikorsky  Aircraft  Division  of  Uniteil  Aircraft  ('orperration.  Installed  in  a 
I .S-  by  30-foot  shelter  of  armor  plate,  the  test  rig  can  maintain  up  to 
100,000  pounds  of  centrifugal  load  and  300,000  inch-pounds  of  bemling  moment  on 
blade  test  sections  before,  during,  aiul  after  test  firings.  An  8-  by  20-foot  trailer  for 
personnel  and  instrumentation  is  shieliled  by  I /2-inch  steel  plates. 
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Weapons/Projcc tiles  Avaihihlc 

A range  ol'  launcher  sizes  is  available;  up  to  57-min  for  powder  charged 
launchers  and  up  to  0.6  inch  for  light  gas  launchers.  Projectiles  may  be  tired  from 
up  to  50  feet  from  the  test  specimen. 

Environment 

This  facility  is  an  outiloor  facility;  therefore,  only  sea  level  ambient  conditions 
can  be  obtained. 

Livc/lnert  Fire 


I ragmentation  rounds  can  be  fired  if  they  conform  to  safety  requirements  for 
containment  of  fragments. 

Siifety  (and  Security)  Requirements 


Safety  procedures  for  this  facility  are  currently  being  generated  and  will  be  on 
nie  at  the  BRL  Security  Office.  Arrangements  can  be  made  to  handle  classified 
material  and  weapons. 

Power  Availabilitv 

■ * 

lip  to  220  volt,  .1-phase  power  can  be  provided  to  this  facility  through  normal 
channels.  Portable  generators  can  be  used  to  fill  other  types  of  power  requirements. 

Observation/Communication 


ObscTvation  can  be  maintained  from  an  instrumentation  trailer  or  portable 
armor  “boml>-proofs”.  (omimmication  is  also  controlled  from  the  trailer. 

In-Miglit  Ballistic  Instrumentation 

I IMlMi.  I lectronic  counters  are  useil  for  paperbreak  velocity  measurements. 

I I I t Ml  I RY.  Paperbreak  velocity  measurement  devices  are  used  to  obtain  in- 
llight  velocity  measurements.  Two  devices  are  located  approximately  5 feet  apart 
millway  betweett  launcher  and  test  rig. 

Icnninal  Ballistic  Instrunieiitation 

L.ASI  R/Pl  It)  rot  iR API  I Y.  Milliken  cameras  (400  frames/sec)  and  still  photographs 
normally  are  used  to  record  test  results.  High-speed  motion  cameras  (32  and 
64  Irames/sec),  1 astex  cameras  (100  to  1 000  frames^ec)  and  chronographs  are  also 
available. 

I IMINC i.  I lectronic  counters  may  be  used. 
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Tl'Lt  Mt  T RY.  Strain  gage  measurements  are  normally  obtained  to  verity  centri- 
fugal load  and  bending  movement  applied  to  test  section. 


LXPERIMENTAL  EXPLOSIVE  AREA  (Range  12)  (WMD) 
Dimensions 


riie  Experimental  Explosive  Area  is  located  in  the  center  of  several  acres.  It 
consists  of  a steel  explosion  barricade  and  a two-stage  light  gas  gun.  The  barrel-to- 
target  distance  is  19  feet.  An  instrumentation  and  control  van  is  located  approxi- 
mately 200  feet  from  the  firing  site. 

Weapons/Projec tiles  Available 


The  two-stage  light  gas  gun  can  propel  a 250-grain  projectile  at  9000  ft/sec. 
With  a 40-grain  fragment,  velocities  of  13,000  ft/sec  are  obtainable.  It  has  inter- 
changeable barrels  for  projectiles  from  .30  to  .69  caliber.  Fragments  and  projectiles 
can  also  be  fireil  sabotetl.  W'hile  targets  several  feet  square  can  be  used,  the  impact 
area  is  only  4 in-.  I'argets  may  contain  up  to  10  pounds  of  HE. 

Environtneiil 


Only  ambient  conditions  of  pressure  and  temperature  are  available. 

Livc/lnert  Fire 

Only  inert  projectiles  are  fired.  However,  targets  may  contain  up  to  10  pounds 

of  hi;. 

S;ifely  (and  Security)  Reriuircmcnts 

riassifieil  materials  and  eriuipment  can  be  accommodated  at  this  range. 

Power  Availability 

Standard  IKFvolt  power  is  available. 

Observalion/C'oiriiminicalioii 

No  direct  observation  ot  tests  is  permitted. 

In-I  light  Ballistic  liislrumenlation 

No  in-flight  ballistic  instrumentation  is  used. 

Terminal  Ballistic  Instrumentation 

l.ASI  R/PH()I()(,RAPHY.  I wo  150  kVA  and  two  300  kVA  x-ray  units  can 
proviile  two  sets  of  orthogonal  photographs.  High-speed  |ihotography  normally  is  not 
used. 
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1 IMlNCi.  Oscilloscopes  and  aluiniiumi  foil  screens  (make-circuits)  are  used  to 
measure  striking  and  residual  velocities. 

1 in  Ml  I RY.  Strain  gage  technology  is  available. 

hnvironmental  Simulation  and  Measurement 

No  environmental  simulation  is  performed  at  this  facility. 


LARGE  CALIBER  PENETRATION  RANGE  (TED) 
Dimensions 


The  Large  Caliber  Penetration  Range  is  an  area  of  several  acres  with  a large 
building  housing  photograph  and  niacliine  shop  support  services  (approximately 
2000  yards  from  the  firing  site),  and  an  instrumentation  van,  an  armored  observation 
shelter,  and  an  armored  instrumentation  shelter  at  the  firing  site.  Large  caliber 
weapons  are  fired  over  distances  of  up  to  200  meters  at  material,  component,  and 
aircraft  targets  of  almost  unlimited  size.  Targets  may  contain  small  amounts  of  HE 
or  service  type  ordnance. 

I Weapons, 'Projectiles  Available 

Lirge  caliber  weapons  from  20-  through  152-mm  are  commonly  fired  at  this 
range.  Shapeil  charges  and  antiarmor  missiles  may  also  be  fired.  Wliile  smaller  caliber 
weapon  tests  are  normally  done  op  smaller  ranges,  all  weapons  fired  at  the 
Penetration  Range  can  be  used  on  the  l.arge  Caliber  Penetration  Range  if  desired 
' (e.g.,  due  to  target  size). 

Environment 


t 


I 

i 


> 


I'ests  at  this  range  are  conducted  outdoors  at  ambient  atmospheric  conditions, 
target  materials  may  be  temperature  conditioned  using  portable  heating  and  cooling 
sources.  No  other  environmental  simulation  is  done. 

Live  Inert  Eire 


Live  fire  may  lie  done  at  this  range. 

Safety  (aiul  Security)  Requirements 

Range  siifety  requirements  are  available  upon  request.  Classified  material  or 
e(|uipment  can  be  stored  at  this  facility. 

Power  Availability 

Normal  110- and  220-volt,  .Tphase,  and  440-volt  power  is  available  at  the  range. 
Portable  generators  are  available  to  satisfy  additional  retiuirements. 
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Ohserviilion/C'omiminkalion 


Icsts  may  he  observed  through  vision  hloeks  in  the  observation  shelter. 

In-1  light  Ballistie  Instrumentation 

I.ASl  R IMIO  roCIR.MMIY.  Still,  high-speed  motion,  and  streak  cameras  are  avail- 
able for  use.  I'astex  cameras  with  frame  rates  up  through  4000  frames/sec  and 
Heckman  Whitley  streak  cameras  nomially  are  used. 


Up  to  nine  field  finission 
(normally  in  orthogonal  pairs)  for 


Corporation  1 50  kVA 
x-ray  photographs. 


x-ray 


units  may  be  used 


I I.MINC.  Chronographs  t/asec 
light  screens  to  measure  projectile 


accuracy)  are  used  with  paperbreaks 
velocities. 


or  electronic 


ll.ARDWIRf . (iun  functions  may  be  instrumented  to  measure  pressure  and 
strain.  Measurements  are  recorded  on  oscilloscopes,  strip  chart  records,  oscillographs, 
or  magnetic  taiie. 


Terminal  Hallistie  Instrumentation 


l.A.Sl  R,  PllO  rOCiRAPHY.  The  photographic  and  .x-ray  instrumentation  docu- 
mented for  in-l1ight  ballistic  instrumentation  can  be  (and  normally  is)  used  for 
terminal  ballistic  instrumentation.  The  x-rays  and  cameras  are  used  to  record  both 
before  and  behind  the  plate  terminal  effects. 

ri.MINCi.  Chronographs  are  used  with  paperbreaks  or  electronic  light  screens  to 
determine  striking  velocities. 


IIARDWIRl..  Pressure,  temperature  and  strain  gage  measurements  may  be  re- 
corded on  oscilloscope,  strip  chart  reconler,  oscillograph  t)r  magnetic  tape. 

laivironmental  Simulation  ami  Measurement 


No  environmental  simulation  is  done  at  this  facility  other  than  temperature 
comlitioning  target  materials. 


DATA  HANl)LIN(,/PKOCCSSIN(; 


DATA  .st()ka(;l  and  R1.TKI1.VAL 

I he  Computer  Support  f acility  of  the  HRl.  has  a large  and  diverse  complement 
of  eipiipment  for  processing  data  in  either  analog  or  digital  form.  .Available  com- 
puter  facilities  may  be  used  to  store  ilata  on  either  7-  or  ^)-track  magnetic  tape  or 
on  puncheil  cards.  I he  Ibllowing  eiiuipment  can  be  used  to  digitize  charts,  oscilU)- 
graphs,  or  film  of  various  sizes: 
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1.  Tolcroai.lo\,  rolocorilcx,  I'^pcwritcr  aiul  115M  523 
dan"  Summary  I’lmch 

Input:  l(v  or  35-mm  iir-gativc,  sprockctetl,  I'ramocI  lilm 
Output:  typr-  talnilation  aiul/or  puncltcd  cards 
Macnil'ication:  5\,  lOX,  20X,  30X  and  40X 
Counts/mm;  64,  130,  270,  405,  aiul  620 
Output  Digits:  i5  digits 

2.  Iclcrcailcr  17c,  Iclccordcx,  I'ypcwriter  and  IBM  523 

Input:  negative  or  positive  I'ilm  and  charts  l(>-mm  to  12  inches  wide  liy 
100  feet 

Output:  typctl  tabulation  atul/or  punched  cards 
Magnilication:  2X,  4X,  MX 
(ounts/mm:  15,  35,  85 
Outinit  iligits:  *^16  digits 

3.  Chart  Reader,  Telecordex  lypewriter  and  IBM  523 

Input:  neuative  or  positive  film  and  charts  up  to  18  inches  wide  by 
120  feet 

Output,  typed  tabulation  and/or  punclied  cartls 
Magnilication:  none  (liirect  viewingl 
Counts/mm:  15.5‘> 

Output  rligits:  ±6  digits 

4.  Bendix  Datagrid  Digitizer 

Input:  film  and  charts  up  to  48  by  60  inches  by  any  length 
Output:  magnetic  tajie 
Magnification:  none  (direct  viewing) 

Counts/in.:  1000 
Output  digits:  ±5  digits 

■Analog  magnetic  tape  (1/2  or  I inch)  may  be  converted  to  digital  magnetic 
tape  using  an  Astordata  Magnetic  Tape  Conversion  Station. 


(^IIICK-I.OOK  CAI'.ABll  IMI  S 


1 here  are  no  ipiick-look 
and  white  high-speed  motion 
30  minutes  to  an  hour  after  a 


capabilities,  as  such,  at  this  lacility;  however,  black 
films,  stills  and  flasli  x-rays  can  be  processed  within 
test  is  completed. 
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PROCISSINC 
Sysleiii  :iiul  Model 

['lie  primary  difiital  computers  are  BRLHSC’  1 am.1  II  wliich  are  off-line  supportctl 
liy  an  IBM  1401  system  ami  in-house  developed  data  (converted  card  to  tape,  card 
to  printer,  tape  to  printer). 

A large  hybrid  eomputer  facility  is  also  available.  This  system  is  an  liAl  690 
system  comprised  of  one  digital  computer,  TAI  640,  and  two  analog  computers,  two 
1 A1  6H0s. 

Lammaue 


lOKl  RAN  and  1 (JRA.ST  can  be  used  on  both  BRLIiSC  1 and  II.  The 
OMNI  I AB  II  programming  system  is  available  on  BRTTSC  11. 

lORIRAN  and  IIOl  (Hybrid  Operations  Interpreter)  may  be  used  on  the 
1 A I ()90  system. 

Input Output  Options 

Input/output  may  be  accomplished  on  the  BRLliSf’  1 and  II  systems  using  card 
reailer,  card  punch,  printer  or  magnetic  tape  (7-  or  9-track). 

On  the  1 Al  690  system,  teletype,  card  reader,  printer  or  9-traek  magnetic  tape 
may  he  used. 

Realtime  Interaction 


No  realtime  interaction  is  available  at  this  facility. 


I 

( 


) 


) 

I 


! 


DISIRIBliTION 

lurnaround  time  is  highly  rlependent  upon  the  amount  of  data  recpiired  from  a 
test.  Black  ami  white  films  could  usually  be  processed  within  an  hour  after  eom- 
liletion  of  the  test.  Color  film  processing  could  require  up  to  a week. 
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ANNEX  F - INTRODUCTION 


OVERVIEW 

I'hat  portion  ot  the  NSWC  (Naval  Surface  Weapons  C'entert  located  at  White 
Oak  in  Silver  Spring,  Ml),  was  previously  named  the  NOI  (Naval  Orilnance 
Ldxiratory)  and  is  referred  to  hy  its  old  name  in  the  following.  NOI  is  located 
just  outside  the  Washington,  Deltway  ( Interstate  4d5 ) on  New  Hampshire 

Avenue  (Route  650).  Ehe  primary  mission  of  the  NOI,  is  to  conduct  a program  ol 
warfare  analysis,  research,  design,  development,  test,  evaluation,  systems  integration, 
and  lleet  support  principally  in  areas  of  surface  and  undersea  warfare  and  to  con- 
duct investigations  into  related  fields  of  science  and  technology.  The  particular 
technology  areas  that  NOL  supports  are  strategic  systems,  naval  mine  systems,  multi- 
media  weapons,  directed  energy  weapons,  fu/e  development,  small  craft  armament, 
swimmer  weapons  systems,  and  orilnance  technology.  To  accomplish  this  technical 
research.  NOI.  has  a variety  of  capahilities  including  supersonic,  hypersonic,  and 
hypervelocity  wind  tunnels,  fuze  test  and  evaluation  facility,  ballistic  ranges,  explo- 
sive testing  facilities,  explosive  processing,  hydroballistics  tank,  ordnance  materiels 
laboratory,  acoustic  calibration  facility,  nuclear  chemistry  facility,  degaussing  model 
facility,  weapons  tank,  mine  test  range,  ordnance  test  ranges,  acoustical  range,  vulner- 
ability and  hardness  facility. 

fhe  majority  of  the  ballistics  and  ordnance  test  range  efforts  are  under  either 
the  llydroballistics  and  .Mechanics  Division  (Code  322),  the  Missile  Dynamics  Division 
((  ode  323).  or  the  I nvironmental  Simulation  Division  (Code  702).  The  primary  point 
of  contact  for  use  of  these  facilities  is  Dr.  W.  Carson  l.yons,  telephone  301-394-2318. 


(.ENERIC  AIRCRAET  SYSTEMS  (SUBSYSTEMS)  TESTED 

The  NOI.  normally  does  not  test  aircraft  systems  or  subsystems  such  as  wings, 
fuselage,  propulsion  systems,  or  fuel  cells.  Instead,  NOE  tests  against  armor  plate  or 
other  similar  targets  that  simulate  the  item  to  be  tested. 

SURVIV  \BII  I IY  VULNERABII.ITY  E ACILITIES  OVERVIE  W 

I here  .ire  three  indoor  ballistic  test  facilities  located  at  the  NOE,  two  in-llight 
balhstii.  test  facilities  and  a terminal  ballistic  facility.  In  addition,  there  is  a shock 
lest  tacihty  and  a new  explosion  dynamics  impact  range.  I hese  facilities  have  instru- 
mented ballistic  ranges  of  from  a few  feet  to  870  feet  and  vary  from  full  environ- 
mental simulation  capability  to  simple  ambient  air  conditions.  The  three  indoor 
ballistic  test  facilities  have  severe  limitations  with  regard  to  the  liring  of  explosive 
detonating  rounds. 
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ACCl SS 


riio  primary  aa.L’ss  to  the  NOI.  is  by  hiirliway.  |xirticularly  Interstate  ‘>5  ami 
Interstate  70.  Tliere  is  neither  rail  aeeess  to  tlie  facility  nor  air  access  nearby.  There- 
fore, at  le.ist  terminal  routine  by  road  would  be  required  for  any  materials 
transported  to  NOl  for  testing. 


MAI.M  I N \NC  i;/l  AliKK  ATION  CAPAIJILH  Y 

file  mainlenanee  and  fabrication  capabilities  at  the  NOT  are  similar  to  those  at 
most  laboratories.  .A  wide  variety  of  special  pui|iose-type  items  can  be  fabricated; 
however,  government-furnished  maintenance  for  items  in  the  inventory  such  as  might 
be  performed  at  an  operational  base  normally  is  not  eondueted  at  NOI. 


KK.ISTK  AT  SIJI’I’OKT  CATAHILffY 

rite  location  of  the  NOL  away  from  normal  military  facilities  makes  the  logis- 
tical support  more  difficult  than  might  be  expected  at  other  ballistic  test  areas.  All 
logistics  items  would  have  to  be  shipped  in  at  least  from  a terminal  port  by  road 
to  NOL.  Numerous  ordnance  storage  bunkers  (both  above  and  underground)  are 
located  in  the  .^00  acres  of  NOL.  These  facilities  can  easily  be  used  for  up  to 
('  months  for  any  one  test  series. 


INDOOR  T.UILIIIL.S 

lOOO-fOOl  HYI’LRHALLISTIC.S  RANOi;  (Code  2.0 
Dimensions 


I he  Ilyperbalhsties  Range  is  1000  feet  long  of  which  870  feet  is  instrumented. 
Range  diameter  is  10  feet. 

VVeapons  I’rojeeliles  Available 

A 2-inch.  480-ealiber  two-stage  light  gas  gun  can  propel  a no-^r.im  , r 
downrange  at  2.L000  It/see,  while  1000  grams  can  be  accelerated  to 
with  a 4-ineh  barrel.  Additional  launehers  (powder  charged)  ac  well  .i-  ■ 
launchers  can  be  aeeommodaled. 

I nvironmeni 


I he  range  can  be  evaeualed  to  simulate  lueli  .iltilud>  i ■ 
prehe.ited  belore  launch.  Ram  and  vliist  can  be  smuil.itc 
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Livc/Incrt  Fire 

In  general,  only  inert  projectiles  are  fired.  Small  point-detonating  projectiles  can 
be  used,  but  this  would  have  to  be  coordinated  carefully  with  the  NOL  prior  to 
use. 

Safety  (and  Security!  Re<|uirements 

Classified  materials  and  equipment  can  be  accommodated.  Central  control 
coordinates  all  safety-related  functions.  No  personnel  are  allowed  to  observe  outside 
of  central  control  during  operations. 

Power  Availability 

Because  of  the  indoor  and  highly  controlled  nature  of  this  facility,  power  avail- 
ability for  weapon  usage  is  not  a problem. 

Observation/Communication 

This  item  is  not  applicable  for  this  facility. 

In-Flight  Ballistic  Instrumentation 

LASFR/PHOTQGRAPHY.  The  range  is  instrumented  over  870  feet  of  its  length. 
Drag  measurements  can  be  made  over  785  feet,  while  stability  can  be  measured  over 
340  feet. 


r 
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PRESSURIZED  BALLISTICS  RANGE  (Code  323) 

Dimensions 

The  Pressurized  Ballistics  Range  is  300  feet  in  length  of  which  1 54  feet  is 
instrumented.  Range  diameter  is  J feet  with  tlie  exception  of  a 20-foot  section 
5 feet  in  diameter.  , 

i 

Weapons/Projectiles  Available 

This  facility  can  test  up  to  2-inch,  1^0-gram  projectiles  (to  3500  ft/sec).  A 
maximum  velocity  of  21,000  ft/sec  may  be  achieved  using  a 7-gram  projectile.  Two 
2-stage,  light  gas  launchers  and  15  powder  launchers  are  available  for  use.  Both 
smooth  and  rifled  barrels  from  1/4  inch  diameter  to  4-inch  diameter  are  available. 
User  launchers  may  also  be  accommodated. 

Environment 


The  Pressurized  Ballistics  Range  can  simulate  atmospheric  pressure  from  0.5  mm 
llg  to  5 atmospheres. 
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Livc/lncrl  Fire 

Projectiles  firetl  from  j;as  guns  are  primarily  inert.  Small  point-detonating  pro 
Jectiles  can  be  used  in  this  facility  but  this  would  have  to  be  carefully  negotiated 
with  the  NOL  prior  to  use. 

Safety  (and  Security)  Requirements 

riassifieil  materials -and  equipment  can  be  accommodated. 

Power  Availability 

Because  of  the  indoor  and  highly  controlled  nature  of  the  Pressurized  Ballistics 
Range,  power  availability  for  weapon  usage  is  not  a problem  for  this  facility. 

Observation/Cominunication 


Because  of  the  special  nature  of  the  Pressurized  Ballistics  Range,  observation 

and  communication  is  highly  restricted  with  only  post-flight  data  reduction  and 
analysis  available. 

In-Flight  Ballistic  Instrumentation 

LASl  R/PH()T(XiRAPHY.  Spark  shadowgraph  stations  (24),  e&ch  producing  two 
orthogonal  views,  are  distributed  along  the  154  feet  of  this  ballistic  range.  These 
shadowgraph  stations  can  obtain  extremely  accurate  (0.015  inch  location  and 

0.  lilegree  orientation)  data  over  a wide  range  of  temperature  and  pressure.  X-ray 

photographic  stations  can  be  positioned  near  gun  muzzle  for  sabot  studies. 

riMIN(i.  Timing  is  accomplished  using  electronic  (accuracy  0.2  /isec)  counters  at 
each  station,  (iun  functions  are  also  timed  using  electronic  counters. 

TIXFMI'TRY.  There  is  no  current  capability  for  telemetry  in  this  facility. 

on  HR.  Muzzle  whip  studies  can  be  done  using  Hall  gage  (circuit /magnet) 

instrumentation  on  the  1.27-inch  light  gas  gun.  Acoustic  measurements  of  shock 
wave  phenomena  can  be  made. 

Terminal  Ballistic  Instrumentation 


I -A .SI  R/PIK)T(XiRAPtlY.  Two  x-ray  photographic  stations,  each  producing  two 
orthogonal  views,  may  be  positioned  5 feet  apart  to  record  impact  data. 

I I MING.  Timing  is  accomplished  with  electronic  counters  (2  /asec  accuracy). 

ri- Ll-Ml. FRY.  Strain  gage  technology  is  available. 
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Environmental  Simulation  and  Measurement 

riiere  is  an  extremely  wide  range  of  environmental  simulation  capabilities  avail- 
able in  this  indoor  facility.  For  instance,  the  atmospheric  pressure  can  be  simulated 
from  0.0007  to  5 atmospheres.  Foreign  gas  injection  can  reproduce  a variety  of 
different  atmospheres. 

Planned  Expansion/Modification 

No  facility  changes  are  currently  planned  at  this  time. 

HYPERVELOCITY  IMPACT  RANGE  I (Code  323) 

Dimensions 

The  Hypervelocity  Impact  Range  1 is  25  feet  long  and  6 feet  in  diameter.  The 
last  5 feet  is  the  target  area.  Access  port  is  2 by  4 feet. 

Weapons/Projectiles  Available 

Light,  aerodynamic  shapes  less  than  0.5  inch  in  diameter  can  be  launched  from 
3000  to  20,000  ft/sec  using  a 2-stage  light  gas  launcher.  Other  launchers  can  be 
accommodated. 

Environment 

The  atmosphere  in  the  test  chamber  can  be  varied  from  0.2-mm  Hg  to 
I atmosphere. 

Livc/Incrt  Fire 

No  live  projectiles  may  be  fired. 

Safety  (and  Security)  Requirements 

No  personnel  are  allowed  on  the  range  during  firing.  Classified  material  and 
equipment  would  be  difficult  to  handle. 

Power  Availability 

The  enclosed  nature  of  this  facility  makes  power  availability  not  a problem. 
Ohservation/Communication 

No  realtime  observation  is  allowed. 

In-Flight  Ballistic  Instrumentation 

Only  terminal  ballistic  instrumentation  is  available. 
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Terminal  Ballistic  Instrumentation 


LASLR/PHOTOCiRAPHY.  A Beckman  Whitley  192  camera  (framing  rates  to 
5 usee)  with  associated  square  wave  light  sources  can  record  impact,  spallation  and 
residual  energy  data  either  before  or  behind  the  target  impacted. 

Two  flash  x-ray  photograph  stations  (two  orthogonal  views)  5 feet  apart  provide 
projectile  terminal  ballistic  data. 

TIMING.  Electronic  counters  provide  timing  data  for  the  camera  light  screen 
actuated  x-ray  stations. 

TELEMETRY.  Strain  gage  type  instrumentation  is  available. 

Environmental  Simulation  and  Measurement 


The  pressure  in  this  range  may  be  varied  from  0.02-mm  Hg  to  1 atmosphere. 

I 

Planned  Expansion/Modification 

No  modifications  are  currently  planned  at  this  time. 

i 

OUTDOOR  FACILITIES 

EXPLOSION  DYNAMICS  IMPACT  FACILITY  (Code  322/242) 

Dimensions 

The  Explosion  Dynamics  Impact  Facility  is  a bomb-proof  enclosure  with  interior 
dimensions  of  9 feet  6 inches  by  7 feet  1 1 inches,  8 feet  high.  Access  to  the  interior 
is  through  a porthole  33  inches  by  8 feet. 

Weapons/Projectiles  Available 

Shapes  representing  fragments  or  projectiles  up  to  20  mm  size  can  be  launched 
from  4000  to  8000  ft/sec  using  a 2-stage  gas  launcher.  Projectiles  strike  targets  of 
up  to  1.5  pounds  of  explosive. 

Environment 

Tests  are  run  at  ambient  atmospheric  conditions  only. 

Live/Inert  Fire 

Either  live  or  inert  projectiles  may  be  fired.  Targets  may  contain  up  to 
1.5  pounds  of  explosive. 
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Safety  (and  Security)  Requirements 

The  facility  is  cleared  before  test  firings.  The  facility  has  capability  for  storing 
classified  material  or  equipment. 

Power  Availability 

Only  110-  and  220-volt  power  is  available. 

Observation/Communication 

There  are  no  facilities  for  realtime  observation  of  tests. 

In-Flight  Ballistic  Instrumentation 

Only  terminal  ballistic  instrumentation  is  available. 

Terminal  Ballistic  Instrumentation 

LASl- R/PHOT(XiRAPHY.  Photographs  are  taken  through  a viewport  using  a 
Dynaflex  camera  (25,000  frames/scc)  of  the  terminal  flight  and  explosive  interaction. 
An  expendable  light  source  provides  3 msec  of  illumination.  A 300  kV  flash  x-ray 
with  two  heads  is  available  for  certain  applications. 

TIMlNCi.  Timing  information  is  derived  from  the  photographic  frame  rate. 

TFLl-MFTRY.  Strain  gage  technology  is  available. 

Facility  Expansion/Modification 

Improved  photography  using  a Super  Dynaflex  camera  ( 100,000  frames/sec)  is 
planned. 


AIR  LAUNCHED  SHOCK  TEST  FACILITY  (Code  702) 
Dimensions 


This  outdoor  facility  has  a projectile  free-flight  range  of  only  a few  feet  after 
it  emerges  from  either  the  20-  or  22-foot  launcher.  There  are  no  restrictions  on 
lateral  travel  due  to  the  short  distances  involved. 

Weapons/Projectiles  Available 

Launcher  barrel  diameters  of  2.25,  3.00,  and  5.00  inches  can  accommodate  a 
wide  variety  of  either  inert  or  explosively  loaded  projectiles.  Either  wooden  sabots 
or  nylon  sleeves  normally  are  used  to  adapt  the  projectiles  to  the  existing  barrels. 
The  use  of  customer-provided  guns  is  not  consistent  with  the  concept  of  the 
facility. 
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Environment 


The  terminal,  free-night  portion  of  the  facility  is  outside  and  subject  to 
ambient  conditions. 

Live/Inert  Fire 

Both  live  and  inert  fire  projectiles  can  be  accommodated  in  the  facility. 

Safety  (and  Security)  Requirements 

Visual  safety  interlocking  with  a dead  man  switch  is  the  primary  safety 
mechanism.  No  realtime  observation  is  allowed. 

Power  Availability 

Only  3-phase,  110-volt  power  normally  is  available.  Generators/converters  could 
be  made  available  as  needed. 

Observation/Communication 

Both  observation  and  communication  are  limited  due  to  safety  and  facility 
configuration. 

In-Flight  Ballistic  Instrumentation 

All  instrumentation  is  oriented  to  the  terminal  ballistics  including  impact, 
detonation  and  fragmentation. 

Terminal  Ballistic  Instrumentation 


LASER/PIIOTOGRAPHY.  High-speed  movie  cameras  provide  projectile  flight  and 
impact. 

TIMING.  Camera  frames  rate  plus  counters  for  gun/launcher  functions  provide 
the  majority  of  the  timing. 

TELEMETRY.  The  air  launcher  is  thoroughly  instrumented  so  that  all  launcher 
functions  can  be  accurately  obtained.  This  includes  both  peak  and  continuous  pro- 
jectile acceleration  (800  to  3900 g’s)  as  well  as  a muzzle  velocity  (500  to  1200  ft/sec). 


DATA  HANDLING/PROCESSING 
DATA  STORAGE  AND  RETRIEVAL 

The  majority  of  data  collected  at  these  facilities  are  in  the  form  of  photo- 
graphs (optical,  laser,  x-ray,  or  shadowgraph).  All  data  are  manually  read  from  the 
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photographs  and  keypunched  on  computer  cards.  Since  computer  facilities  are  avail- 
able, the  data  could  be  stored  on  disc  or  magnetic  tape.  Timing  data  are  recorded 
from  digital  counters  and  are  keypunched  also. 


QUICK-LOOK  CAPABILITIES 

Photographs  are  available  from  10  minutes  to  1 day  after  the  test.  Data  reduc- 
tion from  photographs  would  require  approximately  1 day  after  receipt  of  the  photo- 
graphs (this  is  highly  dependent  upon  the  length  of  the  test,  instrumentation 
configuration  and  amount  of  tlafa  to  be  extracted  from  the  photographs). 


PROCESSING 
System  and  Model 

The  NOL  Computer  and  Data  Processing  f'acility  operates  a computer  facility 
equipped  with  a CDC-6500  computer  system  (138Kcore)  with  one  6638  disc  system 
supporting  four  854  disc  storage  drives  and  three  841-4  multiple  disc  drives. 

Language 

The  following  languages  may  be  used  at  this  facility; 

1.  COMPASS  (assembly  language) 

2.  I OR  I RAN 

3.  SNOBOL 

4.  SIMSCRin 

5.  COBOL 

6.  BASK'. 

Input/Output  Options 

Input/output  may  be  accomplished  with  the  following  facilities: 

1.  Card  reader 

2.  Card  punch 

3.  Line  printer 

4.  Magnetic  tape  (8-7  track  and  1-9  track) 

5.  (iould  Electrostatic  Plotter. 

Reallime/Interaction 

A time-sharing  system  with  64  remote  teletype  or  teletype-like  terminals,  three 
CRT  displays,  a CDC-24.3-1  GRID  Graphics  terminal,  and  three  remote  batch 
terminals  is  available  for  use. 
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DISTRIBUTION 

Turnaround  time  is  highly  dependent  upon  the  amount  of  data  required  for  a 
test.  Data  requirements  could  probably  be  fulfilled  within  1 working  day  after  a test. 


DISPLAYS 

One  243-1  (iRlD  Graphics  terminal  and  three  remote  CRT  displays  are  available 
for  CDC-6500  computer  facilities.  High-speed  camera  films  can  be  projected. 
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Overview 


ANNEX  G - INTRODUCTION 


riiat  portion  ot  the  NSWC  (Naval  Surface  Weapons  Center)  known  as  the  I)L 
(Dahlgren  Lihoratory)  located  at  Dalilgren,  VA,  and  was  previously  named  NWL 
(Naval  Weapons  laboratory).  DI,  is  located  in  Dahlgren,  VA,  just  off  U.S. 
Highway  301  and  the  I’otoinac  River.  The  station  contains  approximately  4400  acres 
of  land  on  which  are  located  firing  sites,  test  areas,  support  shops,  an  airfield  and 
ofUce  buildings,  in  addition,  1)1.  has  an  instrumented  water  range  over  the  Potomae 
River  of  approximately  25  miles  in  length  and  5 miles  in  width. 

The  1)1.  assigned  mission  is  to  conduct  a comprehensive  program  of  warfare 
analysis,  research,  development,  test  evaluation,  system  integration  and  fleet  engi- 
neering support  for  surface  warfare  and  related  fields  of  technology.  1)L  has  been 
the  Navy’s  main  shore-based  ordnance  materials  test  organization  since  its  inception 
m 018. 

I he  primary  point  of  contact  for  use  of  Dahlgren’s  facilities  is  Mr.  Jack  Loving, 
telephone  703-bb3-74b8. 


GENERIC  AIRCRAET  SYSTEMS  (SUBSYSTEMS)  TESTED 

The  full  gamut  of  aircraft  vulnerability  gun  ballistic  testing  is  available  at  1)1. 
from  armor  plate  through  airciaft  structures,  aircraft  propulsion  systems  and  total 
aircraft  testing.  Antiaircraft  programs  constitute  a major  program  effort  within  DL’s 
mission. 


SURVIVABILITY/VULNERABILITY  FACILITIES  OVERVIEW 

Six  major  facilities  or  ranges  make  up  the  majority  of  the  DL  aircraft  oriented 
ballistic  test  capability.  These  facilities  are: 

1.  Machine  (>un  Range 

2.  Main  Range 

3.  Antiaircraft  ITize  Range 

4.  Missile  Test  l acility 

5.  Terminal  Range 

6.  I'.xplosive  I' xperimental  Area. 

None  of  these  ranges  are  totally  contained  as  indoor  ranges.  However,  there  are 
individual  parts  of  each  range  that  are  either  wholly  or  partially  indoors.  Live  explo- 
sives can  be  handled  on  all  ranges. 
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ACCI SS 


riic  1)1  lias  a nuiltitiuic  of  access  opportunities.  The  primary  access  is  U.S. 
lligliway  301  runninsi  trom  Baltimore,  Ml),  to  Richmond,  VA.  In  addition,  there  is  a 
4000-root  runway  on  the  station  for  the  landing  of  military  aircraft.  Air  freight 
normally  is  handled  through  National  Airport  in  Washington,  I).( .,  and  transported 
to  1)1.  Items  which  exceed  highway  limitations  may  he  delivered  via  the  Chesapeake 
Bay  and  the  Potomac  River  on  barges.  A railroad  is  available  on  the  station,  but 
there  is  no  access  to  outside  commercial  rail  facilities. 


MAINTENANCt/r  ABRICATION  CAPABILITY 

The  maintenance  and  fabrication  capabilities  ot  1)L  are  extensive.  They  range 
from  the  normal  one-of-a-kitul  type  laboratory  labrication  capability  up  through  and 
including  stanilard  maintenance  on  operational  items  reiiuired  tor  initial  or  follow-on 
operational  test  and  evaluation. 


LOfilSTICAL  SUPPORT  CAPABILITY 

Since  the  1)1  provides  in-service  engineering  to  the  Meet  and  acceptance  testing 
for  gun  and  rocket  systems,  the  logistical  support  capability  for  weapons  and 
ammunition  is  extensive.  ( omplete  facilities  for  explosives  handling,  assembling,  dis- 
assembling. ami  fu/ing  are  in  close  proximity  to  all  tiring  ranges.  Logistical  support 
for  aircraft  systems  and  components  can  be  provided  by  the  nearby  Naval  Air  lest 
Center.  Patuxent,  Ml). 


INDOOR  FACILITIES 


MACHINE  GUN  RANGE 
Dimensions 

Ihe  Machine  Gun  Range -consists  of  five  completely  enclosed  firing  bays,  four 
partially  enclosed  firing  bays,  and  one  open  firing  range.  The  partially  indoor  facility 
can  handle  up  to  3-inch-diameter  weapons,  including  57-mm  antiaircraft  guns.  The 
light  armor  range  has  recently  been  includeil  under  the  Machine  (lun  Range  com- 
plex. Ihe  indoor  bays  are  restricted  from  firing  anything  larger  than  30-mm  due  to 
the  inability  to  retain  the  round  in  the  sand  butts.  Of  the  five  indoor  firing  ranges, 
three  are  100  feet  long  and  terminate  in  sand-filled  bulkheads.  One  bay  has  been 
lengthened  to  200  feet  ami  large  access  doors  installed  to  permit  locating  aircraft 
fusc-lage  sections  in  the  bay  for  bullet  impact  tests.  The  remaining  bay,  which  is 
used  for  light  armor  evaluation,  has  target  positions  Irom  30  to  160  feet  and  termi- 
nates in  an  SIS  steel  explosive  chamber.  The  indoor  firing  ranges  are  all  approxi- 
mately I. *5  feet  wide  by  1 .S  feet  high.  On  the  open  and  partially  enclosed  ranges, 
projectiles  can  be  fired  out  onto  the  river  range  either  at  barge  mounted  targets  or 
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reniotd\  controllal  pilotless  airerall  targets.  One  of  these  ranges  has  a gun  einplaee- 
ment  in  a temperature  eotulit inning  hay  tliat  permits  firing  of  tile  weapons  at 
extreme  teni|ierat tires. 

Weapons  Projectiles  Availahic 

Gun  systems  of  } inches  or  less  e;m  he  tested  in  the  Machine  (iun  Range 
facilities.  Large  ealiher  guns  have  heen  fired  on  the  open  ranges  umler  special  cir- 
cumstanees.  I’roieetiles  as  large  as  5 inch  have  heen  fired  for  water  impact  from  the 
emplacement  in  the  temperature  conditioning  hay.  Projectiles  fired  on  the  indoor 
ranges  are  limiteil  to  .^0-mm  or  smaller,  targets  of  armor  plates  and  special  test 
sectitms  can  he  aeeommoilatal  on  all  ranges,  the  light  armor  range  has  an  armor 
pemlulum  to  allow  positioning  of  the  armor  plate  at  various  angles  of  obliquity  to 
both  the  hori/ontal  and  the  vertical.  In  adilition  to  these  capabilities,  live  warheads 
may  he  used  for  targets  with  approval  of  the  .Safety  Officer. 

S|iecial  barrels  are  available  to  provide  controlled  yaw  of  projectiles  for  impact 
111  aircraft  components. 

I nvirimmciil 

Temperature  conditioning  chambers  may  be  used  to  condition  guns,  explosives, 
or  inert  items  to  temperature  extremes  ranging  from  +200°  to  -6.‘i°L’.  Temperatures 
may  be  controlled  in  the  temperature  eonditioning  firing  bay  from  -70°  to  +I40°I-. 

Live/'Incri  Lire 

I ive  lire  can  be  accommodated  on  all  bays  of  the  Machine  Ciiin  Range  up  to 
the  projectile  si/e  limits  stated.  Safety  regulations  for  this  area  prohibit  detonating 
more  than  lO  pouiuls  of  ML. 

.Safety  <aml  .Security)  Requiremcnt.s 


Standard  sjilety  procedures  are  followed  for  all  indoor  facility  tests  at  the 
Machine  Gun  Range.  In  aildition,  there  is  a firing  switch  interlock  at  the  firing 
control  center  for  each  of  the  weapon  bays. 

t 

Classified  weapons,  amnumition,  aiul  e(|uipment  can  be  accommodated  at  this 
range. 

Power  Availability 

t All  types  of  normal  weapon  power  are  available  at  the  Machine  Gun  Range, 

varying  from  lit)  to  440  V. AC  single  and  .Vphase,  bO-  and  400-cycle  and  28  Vl)C, 
the  latter  being  critical  for  aircraft  gun  development  testing. 
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Oliservalion/C'omiminicalion 


MadiiiK'  i:un  tests  can  he  ohserveil  only  Iroin  behinil  the  lirinj;  hay.  Limited 
C(T\'  (closed  circuit  television)  is  used  in  some  indoor  and  outdoor  operations.  An 
extensive  communication  system  is  used  hy  the  Machine  (inn  Range  facility  in  oriler 
to  cooulinate  all  lacihty  testing.  A multieh.  -mel.  land  line/VHL  1 M eomnumieations 
system  proviiles  reliable  voice  communications  to/from  all  tiring  bridges,  range  con- 
trid  ollice,  range  boats,  range  stations,  and  instrumentation  facilities. 

Ill-Might  Ifallistie  Instrumentation 

t A.SI  R 1*1  lO  [()(  ;R  API  1'^’.  A wide  range  of  photographic  capability  exists  at  I)l„ 
ranging  Irom  8 by  10  still  cameras  up  through  u'tra-high  speed  motion  picture 
cameras  with  Irame  rates  up  to  2.5  million  frames/scc  Motion  picture  film  sizes  of 
8.  16,  3->,  and  70  mm  are  available.  Sei|uence  ameras,  streak  cameras  (with 

equivalent  writing  speeds  up  to  6000  frames/see),  bamstic  synchro  cameras,  and  other 
special  purpose  cameras  are  available.  A Model  11)  Image  Converter  Catnera,  capable 
ol  tunctioning  as  a framing,  streak,  or  strobe,  provides  the  capability  to  record 
tinic^resolved  spatial  and  intensity  ilata  for  a wide  variety  of  luminous  transient  data. 

I IMINCi.  lime  code  generators  broailcast  lRl(i-H  timing  signals  and  other  timing 
devices  are  extensively  used  within  the  Machine  (lun  Range  due  to  the  reciuirement 
to  obtain  highly  accurate  gun  functioning  time  parameters  iluring  the  early  stages  of 
gun  development.  Velocity  data,  keyed  to  time  code  generators,  are  recorded  on 
14  tape  channels,  high-speed  printers,  and  oscillograph  recorders. 

II  I IMI  I R\'.  The  Machine  Cun  Range  uses  hardwire  instrumentation  to 

measure  anil  record  gun  function  parameters  and  projectile  muz/.le  velocities. 
Pressure,  ibree,  acceleration,  velocity,  displacement,  tetnperature,  and  strain  are  fre- 
quent requirements.  Normally  14  tape  channels  are  used  for  the  majority  of  the 
testing:  however,  32  tape  channels  can  be  provided  under  special  conditions.  A pri> 
iectile  velocity  determining  system  has  the  capability  of  realtime  printout  and 
recording  ol  individual  round  velocities  leaving  the  barrel  at  rates  of  fire  of  up  to 
6000  rounds/mm.  1 he  closed  tiring  bays  normally  have  velocity  data  terminals 
80  teet  Irom  a gun  emplacement.  Photoelectric  screens  and  magnetic  rings  are  the 
primary  sources  ol  velocity  information. 

lerinutal  Hallistic  Instrumentation 

l.ASI  R PIIOrOdRAPIIY.  All  cameras  used  for  in-llight  instrumentation  also  can 
be  used  Ibr  terminal  ballistic  instrumentation. 

Mash  radiography  can  be  [irovided  by  mobile  units,  lather  300  or  600  kV  units 
are  available.  (CIV  can  also  be  used  in  either  the  indoor  or  the  outdoor  bays. 

I IMINCi.  I iming  inlormation  is  provideil  by  high-speed  cameras  anil  chron- 
ographs with  various  triggering  devices. 
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1 1 I IM  r I K't  ■ riicrmocoiiplo,  strain  {tape,  ami  other  target  parameter  measure- 
ments ean  he  lianKvireil  to  t..e  range  instrunientati(m  center  and  recorded  on 
magnetic  tape  or  oscillograph. 

h.iivironmental  Simulatmn  ami  Measurement 

1 xtensive  temperature  conditioning  I'acilities  are  available  at  the  Machine  (iiin 
Range.  Several  heating  ami  cooling  ovens  are  available  throughout  the  range  area. 
1 here  are  two  temperature  conditioned  firing  bays  that  fire  onto  the  river  range.  A 
temperature  comlitionmg  room  is  2.S  by  .10  by  24  feet  and  contains  a gun  emplace- 
ment which  can  be  useil  to  fire  down  the  river  range.  The  temperature  can  be 
controlled  between  -70°  and  +140°T.  Additional  conditioning  chambers  totaling  a 
volume  of  1 2.500  ft-^  feet  can  be  used  to  temperature  condition  both  explosive  and 
inert  items  over  a range  of  -65°  to  +I60°I-. 

Special  conditioning  enclosures  can  be  fabricated  to  meet  special  requirements. 
1‘ortable  heating  and  cooling  scnirces  are  available  for  use  if  required. 


OUTDOOR  FACILITIES 


MAIN  RANGE 
Dimensions 

The  Main  Range  is  located  adjacent  to  the  Potomac  River.  The  gun  line  is 
located  to  form  continuous  ranges  that  average  1 200  feet  of  land  range  and  approxi- 
mately 25  miles  <rf  water  range  with  an  average  width  of  5 miles.  Air  space  above 
the  range  is  restricted  to  ensure  that  aircraft  traffic  is  not  permitted  over  the  range 
iluring  tests.  Tiring  is  controlled  from  four  individual  test  stations. 

Wcaprms/Projeetiles  Available 

Gun  emplacements  suitable  for  firing  all  types  of  Naval  guns  up  to  and  in- 
cluding 16-inch  guns  are  located  at  this  complex.  At  least  one  gun  of  each  type 
currently  in  use  by  the  F'leet  is  available  for  test  and  evaluation  of  conventional 
ordnance  components  and  for  research  and  tlevelopment  of  new  weapons  systems. 
Targets  can  he  located  as  far  away  as  1 100  feet  at  the  river’s  edge  and  on  barges 
further  out  m the  river.  An  AMMl  platform,  104  feet  by  40  feet  and  maintained  on 
steel  pilings  5 feet  above  the  water  surface,  is  located  ‘>400  yards  from  the  Main 
Range  gun  line.  The  AMMl  serves  as  a stable  platform  for  various  type  targets  and 
for  launching  rocket  propelled  target  vehicles  toward  the  gun  line  for  gun  fire 
intercept. 

Environment 

Conditioning  cabinets  for  conditioning  ammunition  and  related  components  are 
available  for  temperature  ranges  Irom  -100°  to  +500°T.  Some  of  these  cabinets  have 
humidity  control.  Tiring  emplacements  are  in  the  open. 
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Livc/lnerl  Fire 

live  tire  may  ho  employed  on  tliis  range,  up  to  and  including  ICvinch  caliber. 
Safety  (and  Security)  Re<)uiremcnts 

I'iring  Irom  the  Main  Range  is  controlled  from  four  individual  locations.  Visual 
and  radar  surveillance  of  all  ranges  is  constantly  maintained  during  firing  programs. 
I'iring  train  angle  is  limiteil  to  from  5 to  15  degrees,  depending  on  predicted  maxi- 
mum range  and  whether  the  projectile  is  live  or  inert. 

Classified  weapons,  ammunition,  and  eijuipment  can  be  accommodated  at  this 
range. 

Power  Availability 

110,  220,  and  440  VAC  power  (single-phase,  .'^-phase,  60  and  4j0  cycle)  are 
avadable  at  all  sites  of  the  Main  Range.  110  Vl)C  power  is  also  available. 

Observation/Comnui  nicalion 

Direct  irbservation  of  firings  is  not  only  possible,  but  mandatory  as  part  of  the 
s;ifety  requirement  of  this  range.  A tnultichannel,  land  line/VlIl'  I'M  communications 

system  )uovides  reliable  voice  communications  to/from  all  firing  bridges,  range 

control  office,  range  boats,  range  stations,  and  instrumentation  facilities.  VOIF  and 
dll'  AM  transceive  capability  is  included  at  Range  Control'  for  ground-to-air 
communication. 

In-Might  Uallislic  Instrumentation 

I ASI  R IMIOI  (KiRAPHV.  A wide  range  of  photographic  capability  exists  at  DL. 
ranging  from  S by  10  still  cameras  up  through,  ultra-high  speed  motion  picture 
cameras  with  frame  rates  up  to  2.5  million  frarnes/sec.  Motion  picture  film  sizes  of 

j H.  16,  .^5,  and  70  mm  are  available.  Sec|uence  cameras,  streak  cameras  (wit)' 

t e<|uivalent  writing  speeds  up  to  6000  frames/sec),  ballistic  synchro  cameras,  and 

i other  special  )>urpose  cameras  are  available.  A Model  1 1)  Image  Converter  Camera.  ' 

capable  of  functioning  as  a framing,  streak,  or  strobe  camera,  provides  the  cap^b+Wy 
to  record  timc'-resolveil  spatial  and  intensity  data  for  a wide  variety  j^f-^ruminous 
transient  data.  

I IMINC.  IRKl-B  timing  is  generated  at  a central  location  and  is  received  at  all 
' major  instrumentation  and  pho.tograplric  sites,  riming  sequential  counters  and  special 

counters  are  available  for  liming  of  gun  function  events.  Velocity  ring  counters  are 
also  available,  as  well  as  railio  doppler  velocimeters  which  provide  velocity  versus 
time  data. 

II  1.1  MI  IR Y.  lor  hardwired  systems,  the  capability  exists  for  the  measurement 
of  any  parameter  normally  associateil  with  gun  firing.  Pressure,  force,  acceleration, 
velocity,  displacement,  temperature,  and  strain  are  frei|uent  requirements.  Signal 
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comJitionini:  for  all  data  rcciuirinj:  a data  response  to  2 kll/.  can  be  performed  at 
the  test  site,  converted  to  a FM/bM  multiplex  (24  channel  capability),  and  connected 
via  a single  coaxial  cable  to  the  recording  facility.  Remote  calibration  is  performed 
using  a VIII  I M “touch  tone”  system. 

Discrete  cabling  is  employed  between  test  site  and  instrumentation  facility  for 
mullichannel  higti  freiiuency  data  reciuirements.  All  ilata  are  reconied  on  analog  tape 
(IRKi  WBl)  with  strip  chart  and  oscillographic  reproduction  or  digitizing  available. 

Two  I'elemetry  Ciround  Stations  are  in  operation  at  the  Dahlgren  Range.  One 

station  is  locateil  behind  the  gun  line  at  Main  Range  employing  fixed  “fan  beam” 

antennas  affording  complete  range  coverage  to  20,000  yards,  with  a vertical  beam- 
width  of  40  degrees.  Fhe  second  system  is  contained  in  an  8 by  8 by  10  foot  “Sea 
Van”  and  is  configured  for  portable  operation.  This  portable  system  is  intended  for 
downrange  operation  increasing  the  Dahlgren  telemetry  range  capability  to 

30.000  yards.  It  is  also  ideally  suited  to  shipboard  installation,  and  temix)rary  usage 
on  other  ranges.  A NAK)  version  of  the  I’H'T  TS  antenna  tracking  system  is  included 
in  this  system  providing  reliable  antenna  tracking  of  telemetry  augmented  missiles 

and  projectiles. 

Telemetry  freciuencies  within  the  1435  to  1540  MHz  band  aiul  2200  to 

2300  MHz  band  can  be  received  by  both  systems.  Minimum  antenna  gain  is  15dBi. 
Demodulation  eapabililjes  exist  for  all  IRIG  7 1/2%  PBW  channels,  and  CBW  “B” 

channels.  PAM 'RDM  decomnuitation  systems  are  available.  All  data  are  recorded  on 

* analog  tape  with  oscillographic  and  strip  chart  reproiluction  and  digitizing  available. 

A portable  receiving  system  for  RF  fuze  testing  has  recently  been  established 

on  the  Dahlgren  Range.  A dual  receive  concept  is  utilized,  one  in  the  form  of  an 
electrically  swejd  receiver,  continuously  scanning  the  spectrum  of  interest,  and  pro- 
viding panoramic  display  of  same.  The  second  receiver  is  employed  as  a data  re- 

ceiver with  selectable  IF  bandwidth  and  demodulations  for  intelligence  extraction. 
The  ilata  receiver  is  slaved  to  the  swept  receiver.  I re()uency  coverage  to  1 GHz  is 
currently  available  with  expansion  ca|iability  to  18('iHz.  A 4 channel  instrumentation 
j tape  recorder  is  inchaled  with  this  system. 

j Terminal  Ballistic  Instrumentation 

l.ASI  R/PHO I ()( IRAPHV'.  Most  Main  Range  firings  terminate  in  the  Potomac 
River  with  optical  theoilohte  stations  for  determining  the  point  of  water  impact. 
When  the  firing  terminates  on  land,  cameras  used  for  in-llight  ballistic  instrumenta- 
tion may  also  be  useil  to  record  terminal  effects.  A 3-channel,  300-kV  pulse  x-ray 
I system  permits  radiographic  studies  of  explosive  phenomena  obscured  from  optical 

view.  Auxiliary  eiiuipment  such  as  counter  chronograph  and  high-speed  cameras 
|iermit  determination  of  fragment  velocity  anil  patterns. 

I lMIN(i.  Velocity  coils  are  used  for  calculation  of  terminal  velocities. 
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Tl- LI  Ml  TKY.  Terminal  ballistic  data  are  obtained  on  hardwired  instrumentation 
lor  close  land  targets  and  can  be  collected  from  a number  of  range  stations  located 
along  the  entire  water  range  on  the  Virginia  and  Maryland  shores. 


ANTIAIRCRAFT  FUZE  RANGE 
Dimensions 


The  Antiaircraft  Fuze  Range  is  located  in  front  of  and  to  the  southeast  of  the 
Main  Range.  Its  length  consists  of  approximately  200  feet  of  land  range  and  the 
Potomac  River  water  range.  There  are  1 2 gun  emplacements  located  on  the  range. 
ITeven  of  the  firing  sites  arc  used  for  guns  and  rocket  launchers.  The  remaining  site 
contains  the  NOMAD  (Naval  Ordnance  Mass  Acceleration  Device),  a centrifuge  used 
to  test  missile  firings  under  load. 

Wcapons/Projcctiles  Available 

Projectiles  and  rockets  up  to  8 inches  in  diameter  can  be  accommodated  at  this 
range. 

The  NOMAD  centrifuge  may  be  used  to  hold  targets  under  simulated  loads  of 
up  to  30  times  normal  gravity  at  20-foot  radius.  Armor  targets  mounted  on  the 
centrifuge  can  be  impacted  at  speeds  up  to  160  ft/sec  to  simulate  in-flight 
conditions. 

Environment 


Six  temperature  conditioning  rooms  give  the  Antiaircraft  Fuze  Range  the  ability 

to  bring  projectiles,  projectile  propellant  charges,  and  missile  motors  to  temperatures 

ranging  from  -110°  to  +200°L.  Total  volume  of  those  temperature  conditioning 

rooms  is  more  than  1 3,000  ft^. 

Live/lncrt  Fire 

riiis  range  can  accommodate  live  fire  up  to  and  including  8-inch  guns  and 

rockets.  Fragmenting  munitions  are  normally  used. 

Safety  (and  Security)  Re<|uircmcnts 


Blast  shields  and  heavy  steel  baffles  provide  safety  protection  for  this  facility, 
['here  are  also  protected  outside  work  areas  and  enclosed  walkways  between 
buildings. 

Classified  weapons,  ammunition  and  e(|uipment  can  be  accommodated  at  this 
range. 
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l*(»Nvi*r  Av:iilal)ilil> 

110,  220.  aiul  440  VA(  , single  and  3-pliase,  (>0  and  400  cycle  are  available  at 
this  range.  In  aildition.  power  generating  eipiipinent  is  available  to  suiiplement 
existing  power  at  the  firing  site. 

Oltservaiion/Connminieation 


No  close  direct  observation  of  the  target  is  permitteil,  however,  ('("I  V is  avail- 
able for  remote  viewing. 

In-F  light  Hallistie  Instrumentation 

I ASI  R 1*110 1 ()(  ;K AIMIY.  A wide  range  of  photographic  capability  exists  at  1)1., 
ranging  from  H by  10  still  cameras  ufi  through  ultra-high  speed  motion  picture 
cameras  with  frame  rates  up  to  2..S  million  frames/sec.  Motion  picture  tilm  sizes  of 
X,  lb.  .35,  and  70  mm  are  available.  S.-ciuence  cameras,  streak  cameras  (with 
equivalent  writing  speeils  up  to  bOOO  frames/sec),  ballistic  synchro  cameras,  ami  other 
special  purpose  cameras  are  available.  A Model  11)  Image  Converter  Camera,  capable 
of  functioning  as  a framing,  streak,  or  strobe  camera,  provides  the  capability  to 
record  time-resolved  spatial  and  intensity  data  for  a wide  variety  of  luminous 
transient  data. 

I IMINC.  IRKi-B  timing  is  available.  Timing  seiiuential  counters  and  special 
counters  are  available  for  timing  of  gun  function  events  as  well  as  detonation  events. 
\'elocit>  ring  counters  are  available,  as  well  as  radio  dopjiler  velocimeters. 

Ill  I Ml  1 R Y.  l or  hardwireil  systems  the  capability  exists  for  the  measurement 
ot  any  parameter  normally  associated  with  gun  firing.  I’ressure,  force,  acceleration, 
velocitv,  displacement,  temperature,  ami  strain  are  fre(|uent  reiiuirements.  Signal  cmi- 
ditionmg  lor  all  ilata  rerpiiiing  a ilata  response  to  2kllz  can  be  performed  at  the 
test  site,  converted  to  a I M/I  M multiplex  (24  channel  capability),  ami  connecteil  via 
a single  coaxial  cable  to  the  reconling  facility.  Remote  calibration  is  performed  using 
.1  \ lll  IM  "touch  tone”  system. 

Discrete  cabling  is  employeil  between  test  site  ami  instrumentation  facility  for 
imiltiJiaiinel  high  frerjiie/icy  ilata  requirements.  All  data  are  recorded  on  analog  tape 
(IRKiWBl)  with  strip  chart  and  oscillographic  reproduction  of  digitizing  available. 

A portable  receiving  system  for  Rb  fuze  testing  has  recently  been  established 
on  the  Dahlgreii  Range.  A dual  receive  concept  is  utilized,  one  in  the  form  of  an 
electrically  swc|'l  recejvi'r,  continuously  scanning  the  spectrum  of  interest,  and  pri> 
viding  panoramic  display  of  same.  I'lic  second  receiver  is  employed  as  a data 
receiver  with  selectable  lb  bandwidth  and  demodulations  for  intelligence  extraction, 
rtie  data  receiver  is  slaved  to  the  swept  receiver,  b'requ.ncy  coverage  to  1 (illz  is 
currently  available  with  expansion  capability  to  IX  (illz.  A 4 channel  instrumentation 
tape  recorder  is  included  with  this  system. 
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Tcnniiuil  Ballislic  liislrumenlation 

I.ASI  R/IMK) KKiKAIMl^'.  The  same  photoprapliic  capahilities  available  lor  in- 
lliirlit  ballistic  instrumentation  are  also  available  lor  recording  terminal  elTects. 

riMlNti,  IKI(i-H  timini:  is  available.  Velocity  coils  are  used  lor  calculation  of 
terminal  velocity. 

11  1 I M I 1K  \ . lerminal  ballistic  information  is  obtained  by  hardwired  instru- 
mentation or  photoiiraphy  for  close  land  tarjzets  and  from  a number  of  ranjte 
stations  located  alonj:  the  entire  water  range  on  the  Virginia  and  Maryland  shores 
for  .observing  and  recoriling  terminal  ballistic  events  on  the  water  range. 

MISSILE  TEST  FACILITY 
Dimensions 


rite  Missile  Test  l acility  range  is  adjacent  to  the  water  range  and  is  surrounded 
on  three  sides  by  a large  amount  of  open  area.  There  is  approximately  1000  yards 
of  land  range  and  the  water  range  also  may  be  utilized  when  desired. 

Weapons/ Projectiles  Available 

rite  Missile  lest  l acility  is  primarily  used  for  testing  rockets  of  up  to  3 feet  in 
diameter  and  2000  pounds.  Additionally,  however,  small-to-medium  caliber  projectiles 
may  be  bred  on  this  range.  Rocket  sleds  are  also  available  to  propel  components  to 
impacts  with  antiaircraft  shells  to  simulate  mid-air  high-speed  encounters.  Test  item 
velocities  of  1500  ft/sec  can  be  obtained. 

Environment 

Open  air  ambient  conditions  are  the  only  conditions  available  at  this  outdoor 
facility. 

Live/Incrl  Fire 

I I he  Missile  lest  Facility  can  accommodate  live  fire  up  to  an  equivalent  of 

100  pounds  III  . Fragmenting  munitions  may  be  used  on  this  range. 

f ^ Safety  tainl  Security  > Re<|uirements 

j 

Persons  working  at  the  Missile  lest  Facility  are  required  to  be  familiar  with  the 
. many  special  purpose  shelters  and  the  salety  regulations  governing  their  use.  The 

lacility  office,  ammunition  preparation  rooms,  and  ambient  storage  magazines  are 
located  m a bomivpr(K)f  building  underneath  the  fire  control  bridge.  A facility  look- 
out and  firing  director  supervise  all  tests. 

{ lassified  weapons,  ammunition  and  equipment  can  be  accommodated  at  this 
range. 
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Power  Availalulitv 


I’ower  genoratini:  e(iui|imcnt  can  supply  any  power  reipiired  for  tests.  MO  and 
120  VAC  single-phase;  (>0  11/  permanently  installeil. 

Ohservalion/Comiiuinicatioii 

Tests  may  he  ohserveil  through  safety  glass  witulows,  CC"!  V,  or  an  optical 
periscope.  A multichannel,  land  line/VllI-  I M communications  system  provides  rc- 
liahle  voice  communications  to/from  all  Tiring  bridges,  range  control  otTice,  range 
boats,  range  stations,  and  instrumentation  t'acilities. 

• In-Flight  Ballistic  Instrumentation 

L .A.Sl  K/IMK) I ()( iRAPlIY.  A wide  range  of  photographic  capability  exists  at  I)L, 
ranging  Irom  8 by  10  still  cameras  up  through  ultra-high  speed  motion  picture 

cameras  with  frame  rates  up  to  2.5  million  frames/sec.  Motion  picture  film  si/es  of  . •/ 

8,  lb.  ,55,  and  70  mm  are  available.  Secpience  cameras,  streak  cameras  (with 

ei|uivalent  writing  speeds  up  to  bOOO  frames/sec ),  ballistic  synchro  cameras,  ami  other 

special  purpose  cameras  are  available.  A Model  11)  Image  Converter  Camera,  capable 

of  functioning  as  a framing,  streak,  or  strobe  camera,  proviiles  the  capability  to 

record  time-resolved  spatial  and  intensity  data  for  a wide  variety  of  luminous 

transient  data. 

TIM IN(i.  IRKi-B  timing  is  available.  Additional  timing  capability  can  be  pro- 
vided by  higher  resolution  time  code  generators,  chronographs,  and  camera  framing 
rates. 

TIT.I.M ITRY.  For  hardwired  systems  the  capability  exists  for  the  measurement 
of  any  parameter  normally  associated  with  gun  or  rocket  firings.  Pressure,  force, 
acceleration,  velocity,  ilisplacement,  temperature,  ami  strain  are  freiiuent  re(|uirements. 

Signal  conditioning  for  all  ilata  reiiuiring  a data  response  to  2 kllz  can  be  performeil 
at  the  test  site,  converted  to  a FM/I  M multiplex  (24  channel  capability!,  and 
connected  via  a single  coaxial  cable  to  the  recording  facility.  Remote  calibration  is 
lierformed  using  a VllF/I  M “touch  tone”  system. 

Discrete  cabling  is  employed  between  test  site  and  instrumentation  facility  for 
multichannel  high  frequency  ilata  requirements.  All  data  are  recorded  on  analog  tape 
(IRKiWBI)  with  strip  chart  and  oscillographic  reproduction  or  digitizing  available. 

Terminal  Ballistic  Instriimcnlation 

LASI  R/'PII()'I (KiRAPIIY.  The  same  photographic  capabilities  available  for  in- 
tliglil  ballistic  instrumentation  are  also  available  to  record  terminal  events.  In 
addition,  mobile  radiography  units  can  provide  .500  and  bOO  kV  x-ray  capability. 

riMINti.  fcnninal  ballistic  timing  is  generally  accom(ilished  by  phoiographic 
means  with  IRI(i-H  signatures. 
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n I I Ml.  I RY.  Terminal  ballistic  ini'ormatiott  is  obtained  from  hardwired 
instrumentation. 

on  UR.  Armor  plates  or  other  targets  may  be  supported  at  obliquities  Irom  0 
to  75  degrees  with  a pendulum-type  target  holder. 


TERMINAL  RANGE 
Dimensions 

I'he  Terminal  Range  is  approximately  1 mile  from  any  other  major  facility,  riie 
total  length  of  the  facility  is  1000  feet  and  it  is  bordered  by  the  Potomac  River 
water  range.  There  are  a total  of  10  firing  sites  at  the  range.  At  nine  of  these  sites 
the  armor  may  be  positioned  at  varying  degrees  of  obliquity.  Seven  of  the  firing 
sites  have  fixed  gun-to-butt  distances  from  15  feet  to  200  yards.  At  all  the  firing 
sites  the  ability  exists  to  fire  into  specially  constructed  boxcars  filled  with  sawdust 
for  the  recovery  of  projectiles. 

Weapons/Projcctilcs  Available 


The  Terminal  Range  can  accommodate  projectiles  up  to  24  inches  in  diameter 
and  5000  pounds.  Currently  on  the  firing  line  are  3-  to  l()-inch  rilled  guns,  3-  to 
24-inch  smooth  bore  guns,  and  a 4-inch  light  gas  gun  capable  of  firing  projectiles  of 
up  to  2-1/2  pounds  at  10,000  ft/sec.  The  light  gas  gun  commonly  fires  sabot  rounds. 

Environment 


Open  air  ambient  atmospheric  conditions  are  the  only  target  conditions  available 
at  this  outdoor  facility.  All  rounds  can  be  conditioned  to  any  temperature  level 
prior  to  firing. 

Live/Inert  Fire 

both  live  and  inert  fire  can  be  accommodated  by  this  facility.  Large  frag- 
menting munitions  may  be  used  with  normal  safety  conditions  observed. 

Safely  (and  Security)  Retjuirements 


During  tests  it  is  necessary  for  all  personnel  to  take  shelter  in  authorized 
bomb-proof  shelters.  The  firing  control  bridge,  in  addition  to  being  a personnel 
shelter  has  facilities  for  storage  and  office  space. 

Classified  weapons,  ammunition,  and  equipment  can  be  accommodated  at  this 
range. 

Power  Availability 

110  and  220  VAC  and  NO  VI)C  power  is  available  at  the  range.  In  atldition. 
power  generating  equipment  is  available  to  su|iplement  power  at  the  firing  sites. 
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OI)si’rv;it  ion /C'oiniiuinicu  lion 


No  close  ilircct  obscrv;ition  of  tile  target  is  permitted;  liowever,  optical  peri- 
scopes and  CerV  are  available.  A multichannel  land  linc/VlIb'  I'M  communications 
system  pmviiles  reliable  voice  communication  to/l'rom  all  liring  bridges,  range  control 
oll'ice,  range  boats,  range  stations,  and  instrumentation  facilities. 

In-Fliglit  Ballistic  Inslruinentation 

LASI  K/ 1*11010(1  K API  I Y.  A wide  range  of  photographic  capability  exists  at  I)L, 
ranging  from  K b\  10  still  cameras  up  through  ultra-high  speed  motion  picture 
cameras  with  frame  rates  up  to  2..S  million  frames/sec.  Motion  picture  film  sizes  of 
* 8.  1().  .YS,  and  70  mm  are  available.  Seipience  cameras,  streak  cameras  (with 

eiiuivalent  writing  speeds  up  to  fiOOO  frames/sec),  ballistic  synchro  cameras,  and  other 
special  purpose  cameras  are  available.  A Model  II)  Image  Converter  Camera,  capable 
of  functioning  as  a framing,  streak,  or  strobe  camera,  provides  the  capability  to 
record  timc'-resolved  spatial  and  intensity  data  tor  a wide  variety  of  luminous 
transient  data, 
f 

TIM IN(i.  IRKi-B  liming  is  available.  Additional  timing  capability  is  provided  by 
camera  framing  rates,  chronographs,  and  when  required,  higher  resolution  time  code 
generators. 

ri-l.lMl  1 KY.  lor  harilwired  systems  the  capability  exists  for  the  measurement 
of  any  parameter  normally  associate’ll  with  gun  firing.  Pressure,  force,  acceleration, 
velocity,  displacement,  temperature,  and  strain  are  Ifequent  requirements.  Signal  con- 
ditioning tor  all  data  reiiuiring  a data  response  to  2 kllz  can  be  performed  at  the 
test  site,  converted  to  a I M/I  M multiplex  (24  channel  capability),  and  connected  via 
a single  coaxial  cable  to  the  recording  facility.  Remote  calibration  is  performed  using 
a VIII /I  M “touch  tone”  system. 

Discrete  cabling  is  employed  between  test  site  and  instrumentation  facility  for 
multichannel  high  frequency  data  requriements.  All  data  are  recorded  on  analog  tape 
(IRKiWBl)  with  strip  chart  and  oscillographic  reproduction  or  digitizing  available. 

Iwo  Telemetry  (iround  Stations  are  in  operation  at  the  Dahlgren  Range.  One 
' station  is  located  behind  the  gun  line  at  Main  Range  employing  fixed  “fan  beam” 

antennas  affording  complete  range  coverage  to  20, 000  yards,  with  a vertical  beam- 
width  of  40  degrees.  T he  second  system  is  contained  in  a 8-  by  8-  by  10-fool  “Sea 
Van”  and  is  configured  for  portable  operation.  This  [Hirtable  system  is  intended  for 
downrange  operation  increasing  the  Dahlgren  telemetry  range  capability  to 
.10,000  yards.  It  is  .ilso  ideally  suited  to  shipboard  installation  and  temporary  usage 
f of  other  ranges.  A NAK)  version  ol  the  PIH  IS  antenna  tracking  system  is  included 

m this  system  providing  reliable  antenna  tracking  ol  telemetry  augmented  missiles 
and  projectiles. 

Telemetry  frequencies  within  the  14.^5  to  l.S40Mliz  band  and  2200  to 
2300  MHz  band  can  be  received  by  lioih  stations.  Mmmumi  antenna  gain  in  15dBi. 
f Demodulation  cajiabililies  exist  lor  all  IRKi  / l/2'7  PBW  channels,  and  (’BW  “B" 

channels.  PAM/PDM  decommutation  systems  are  available.  All  data  are  recorded  on 
analog  lajx’  with  oscillograjihic  and  striji  chart  rejiroduclion  and  digitizing  available. 
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Tcrmiiuil  Ballislic  liislrumcnlatiim  j 


l.ASl  R IMIO I (XiRAlMlY.  1 ho  same  pliotograpliic  capabilities  available  lor  in- 
lli{:ht  ballistics  are  also  available  for  terminal  ballistics.  In  adilition,  mobile  radi- 
oiiraphy  units  can  proviile  .100  ami  600  kV  x-ray  capabilities. 

riMINCi.  V'elocity  coils  and  liigh-speed  photottraphy  may  be  used  for  terminal 
ballistic  timing.  lRl(i-B  timing  is  available. 

1 1 LbMI  I RY.  Terminal  ballistic  information  is  obtained  with  hardwired 
instrumentation. 


EXPLOSIVE  EXPERIMENTAL  AREA 
Dimensions 


I he  Explosive  1 xperimental  Area  is  a 1640-acre  range  separated  from  the  main 
1)1.  groumls  by  Upper  Machoiloc  Creek.  Major  test  facilities  located  in  the  area 
include  surveyed  static  detonation  arena  sites  varying  in  size  up  to  90  feet  in  radius, 
drop  test  towers,  static  thrust  stands,  thermal  test  retaining  cages,  slow  cook-off 
facility,  last  cook-off  facility,  shock  test  facility  and  ME  vibration  facility. 

Weapons 'Projectiles  Available 


The  1 x|4osive  l,x|ierimental  Area  is  used  to  conduct  environmental  and  safety 
tests  of  explosive  ordnance  and  rocket  motors.  The  surveyed  arena  sites  are  used  to 
determine  terminal  effects  characteristics  of  warheads,  bombs,  and  projectiles.  Vulner- 
ability tests  with  devices  containing  large  iiuantities  of  explosives  can  be  conducted 
in  these  arenas. 

Envirimmeiit 

Open  air  ambient  conditions  are  the  only  conditions  available  at  this  outdoor 
facility. 

Livc/lncrt  Eire 

Rocket  motors  with  up  to  50,000  pounds  thrust  and  explosive  ordnance  with 
up  to  1000  pounds  of  HE  or  2000  pounds  of  propellant  can  be  safely  handled  and 
tested  in  the  l.xplosive  Experimental  Area. 

Safety  lain!  Security)  Rcniiiremcnts 

Persons  working  in  the  Implosive  Experimental  Area  are  required  to  be  familiar 
with  tile  many  special  purpose  shelters  and  the  safety  regulations  governing  their 
use.  Ihere  are  three  control  centers  constructed  of  armor  plate  to  house  personnel, 
monitoring  eciuipment,  and  data  acquisition  instrumentation.  E'rom  these  centers  the 
major  test  areas  may  be  viewed  with  periscopes,  (’CTV,  or  an  arrangement  of 
mirrors.  Ehc  facility  office  and  ambient  ready  service  magazines  are  located  in  a 
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I'otuii-prool  huiklini;.  M.irrii:;u.lcs  arc  iiscil  to  isolate  various  test  sites  A iini 
iliroctor  aiul  a laality  look-out  su|icrvisc  all  tests. 

nassilied  weapons,  ammunition,  aiul  eiiuipinent  ean  he  aeeommoilated  on  ll 
i.inee. 

Power  Availahility 


110.  220.  ami  440  VA(',  sinizle-  ami  .V|)hase.  hO  eyele  are  available  .1  I'lis 
rani’.e.  In  aiKlition,  power  generating  eiiuipinent  is  available  to  supplement  existn 
power  at  the  test  sites. 

Observation/Comiminieation 


lests  are  observed  by  {'CrV,  optical  periscopes.  s;ilety  gl.iss  windows  aiiil 
mirrors. 

In-I'iight  Ballistic  Instrunientation 


I .AS I K IMlOKKiRAIMI'i'.  A wide  range  of  photographic  capability  exists  .it  1)1  , 
ranging  from  8 by  10  still  cameras  up  throiigli  ultra-high  siieed  motion  pictuu 
cameras  with  frame  rates  up  to  2.0  million  fraines/sec.  Motion  picture  film  si/es  ol 
8.  1(1.  d.'i.  and  70  mm  are  available.  Seiiiience  cameras,  streak  cameras  (with 

eiiuivalent  writing  speeds  up  to  (lOOO  fraines/sec ).  ballistic  synchro  cameras,  and  otlu  i 
special  purpose  cameras  are  available.  .A  Model  11)  Image  Converter  Camera,  capabk 
ol  lunctioning  as  a training,  streak,  or  strobe  camera,  provides  the  capabihtv  to 
record  tmic’-resolved  spatial  and  intensity  data  for  a wide  variety  ot  himmous 
transient  data. 

I INI IN( i.  IKKi-H  timing  is  available.  .Additional  timing  capabihtv  is  proviLled  bv 
camera  training  rates,  chronographs,  and  when  reiiuired.  higher  resolution  time  code 
generators. 

II  I IM I I R'>'.  I he  instrumentation  system  of  the  1 xplosive  I xperiinental  Area 
IS  capable  of  measuring  such  parameters  as  blast,  temperature,  pressure,  velocity, 
shock,  vibration,  strain,  acceleration,  time  and  circuit  constan.ts.  More  than  80kll/ 
1 M channels  are  available  to  record  these  parameters. 

I'erminal  Ballistic  liistnimentatioii 

l .ASl  l<  1*1  lO  I ()(iK,\l*IIV.  The  same  photographic  capabilities  available  for  in- 
llight  ballistics  are  also  available  for  terminal  ballistics.  In  aildition.  mobile  radi- 
ography units  can  provide  .^00  and  bOO  k\'  x-ray  ca|\ibilities. 

I IM IN( i.  Velocity  screens  and  high-speed  photography  may  be  used  lor  terminal 
ballistic  timing. 

II  I I M I 1 K*)'.  I'erminal  ballistic  information  is  obtained  with  hardwired 
iristrumentatioii. 
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DAI  A HAM)LIN(.  I'lUK  I SSINC 


DAI  A STOK  AC.I  AM)  Kl  IKII  VAL 

riu’  maiority  ol  data  (.ollccti-il  at  tlicso  laulitk's  is  iii  the  form  ol  photouraplis 
loplkal,  laser,  \-ray.  or  sliadoweraph  I aiul  maenetie  tape  reeordinus  of  liardwired  gnn 
and  tare.et  lunetions.  .All  data  re;id  from  photographs  can  he  keyptmehed  on  eotn- 
piiter  cards.  Since  computer  facilities  are  availahle,  the  rlata  eoiild  he  stored  on  ilisc 
or  magnetic  tape. 

01  I(  k-lOOK  ( Al’Aim  1 1 II  S 

I'holocraphs  are  available  from  a few  minutes  after  a test  for  x-ray  and  hlack 
and  white  tilm  to  as  much  as  4 days  later  for  a color  film.  Oscillograms  of  most 
harilwired  lunetions  can  he  vieweil  near  realtime. 


I’Koa  ssi\(. 

Svsiem  anil  Model 

Computer  and  data  processini;  services  are  provided  hy  a ( l)(  -h7()()  svstem  with 
three  ( IH  s t(A  ID  K '4.  ( I)C-I774.  and  ( l)(  -(>7I.O  and  three  I A1  dXo's  e.|uipped 
lor  realtime  input  ol  data  throuith  an  optical  link  to  the  radar  system  on  the 
Potomac  Kiver. 

Lmguaue 

1 he  followini:  languages  may  he  used  at  this  facility. 

1.  (OMPNSS  (.issemhiy  language) 

:.  I OR  I R AN 
,C  SNOROl 
4.  SIMS(  RUM 
( OROl 
h.  ICASK 
7.  AK.OI 

Input  OtilptJl  Options 

Input/oulput  may  he  accomplished  with  the  tbllowing  facilities: 


I.  ( ard  reader 
1.  ( ard  punch 
.^.  I me  printer 
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4.  Maunotii.'  tape 

5.  (ioiilil  Meelrostatie  4X0  I’lolter 
().  I’aper  tape  reailer 

7.  Caleomp  “'IX  1 latbeil  IMotter 
X.  Slromberii-natapraphies  40(>0  (Microt'ilni  IMotter). 

Kealtinie  Interaetioii 


A time-sharing  system  vsitli  40  retnote  teletype  or  teletype  with  CK  F display 
terminals,  and  two  274  (Iraphics  terminals  are  available  for  use*. 


DlSl  RmililON 

I iirnarouiul  time  is  lii<>hly  dependent  upon  the  amount  of  data  re<|uired  for  a 
test.  Data  rei|Uirements  eould  probably  be  fulfilled  within  I working  day  after  a test. 
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ANNLX  H - INTRODUCTION 


OVI  RVIl  W 


I he  N\V(  (Naval  Weapons  ( enter)  loeateil  m Cliina  l ake,  ( A.  is  an  activity  ol 
the  NM(  (Naval  Material  ( oininaiul).  I he  NWT  employs  about  4000  civilians  and 
1000  military  personnel. 

I he  mission  of  NW'C  is  to  “conduct  a iirofiram  of  warfare  analysis,  research, 
development,  test,  evaluation  systems  integration,  and  Meet  engineering  support  in 
Naval  weapons  systems  anil  to  conduct  investigations  into  related  fields  of  science 
,ind  technology.” 

I'he  NWC  has  developed  such  higliK  successlul  weapons  as  the  Sidewinder. 
2.75-inch  rocket,  Zuni,  ASKOC,  Shrike,  and  Walleve. 

I he  entire  Kandshurg  Wash  Moiave  “H”  area  and  .diout  00' ; of  the  China  Lake 
area  are  used  tor  tests  and  evalutions.  Mos'  ot  the  heasily  instrumented  test 
facilities  are  concentrated  on  or  ahout  the  \a  ' ilr\  hed  ol  a lormer  I’leistocene  lake 
which  covers  the  southwestern  ipiarter  of  the  ( lima  I ike  area. 

Ihe  bed  of  the  dry  lake  is  Hat  and  hare,  ideally  suited  to  the  delivery  of  air- 
or  ground-launched  ordnance,  and  large  enough  to  accommodate  several  aircraft-target 
ranges  and  missile  impact  /ones.  An  ll.UOtJ-.Kre  an  base,  missile  and  drone 
launching  facilities,  several  high-speed  test  tr.icks.  and  the  test  control  and  support 
complex  are  located  on  the  southern  edge  ot  the  lakehed. 

The  NW(  test  complex  contains  .^0  major  l.icilities  open  to  use  by  outside 
agencies  and  contractors.  About  one-third  of  the  facilities  are  multiple-purpose  test 
ranges  for  air  or  surface  weapon  systems  and  their  major  components.  Three  of  the 
lacilities  are  supersonic  or  transonic  test  tracks  and  the  remainder  are  tor  test  and 
evaluation  of  the  propellants,  explosives,  fu/es,  small-caliber  guns  and  ammunition, 
electro-optical  devices,  electronic  warfare,  material  vulnerability,  and  other  speciali/ed 
applications.  Ihe  primary  point  of  contact  for  this  facility  is  the  Hranch  Mead, 
Survivability  and  Lethality  Test  Lacility.  ( ode  31X4,  t.W)  245-()201. 

(.I  NI  RIC  AIRCKAI  T SYSTl  MS  (SUllSYSTLMS)  TLSTLl) 

The  NW'C  Aircraft  SurvivatVility  I’rogram  is  a long-range  KI)T<)tT  (Research  and 
Development,  Test  and  I valuation)  program  to  improve  the  combat  survivability  of 
lighter,  attack,  and  helicopter  aircraft,  both  present  and  future  models.  .Aircraft 
survivability  KDI&I  and  S/\’  (survivability/vulnerability)  analysis  efforts  are  being 
conducted  under  a continuing  program.  NWC  has  design  analytical  and  experimental 
capabilities  in  the  lollowmg  areas: 
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1.  Dovolopnu'nt  ol  survivability  tcdinology 

2.  Sur\ ivalulitv  ilcsitin  and  system  survivability  api'lieat ion 

3.  S \'  analysis 

4.  resting. 

A permanent  mstrumenteil  test  range  is  available  at  NW(  to  eoniluet  full-scale 
espenments  on  existing  and  developmental  components,  parts  of  aircraft,  and  com- 
plete aircraft  that  are  tied  down  and  running  at  full  thrust  with  simulated  in-llight 
airtlow  velocities.  NWC  has  the  only  facility  in  the  country  capable  of  conducting 
gunfire  testing  on  lull-scale  jet  aircraft  with  fuel  systems  and  engines  operating, 
l ulK  operational  fighter  aircraft  can  be  mounted  on  a 3b0-degree  rotatable  test 
stand  and  operated  at  full  thrust.  In  addition  to  gunfire  testing,  the  llexibility  of 
the  facility  also  proviiles  a unii|ue  and  ideal  test  arrangement  for  aircraft  IK 
(mtrareii)  signature  measurement,  laser  rellectivity  testing,  etc.  Various  aircrall  are 
available  at  the  main  test  site  for  IR  signature  testing.  The  aircraft  can  be  rotated 
through  various  yaw  positions  with  respect  to  IK  measurement  instrumentation  while 
remo.ely  operating  the  engine  in  military  power  and  atterburner. 

lests  are  conducteil  to  lietermme  the  ability  of  aircraft,  systems,  or  components 
to  continue  functioning  after  being  hit  by  projectiles,  fragments,  or  blast  from  air- 
lo-aii  and  ground-to-air  guns  and  missiles,  l ull-scale  tests  have  been  conducted  on 
I 1-84,  1-86.  ,\-4.  ,‘\-7,  and  1-14  aircraft.  1-14  and  C-I.^O  subsystem  tests  have  been 

conducted.  Research  and  i.levelopment  tests  are  being  conducted  continuously. 


SUKVIV  Aim  IIV/VI;LN1  R ARILII  Y 
Aircrall  Survivabililv  Raji^e 

I he  Aircralt  Survivability  Range.  lo<  iteil  at  the  N\V(  K-2  ground  range,  pro- 
vides a secure,  remote  base  for  operations.  1 he  r.mge  consists  ol  three  areas: 

1.  lest  Specimen  Preparation  Area 

2.  Halhstic  lest  Area  (having  tour  lest  pails  with  a central  instrumentation  and 
control  room) 

.T  I ull-scale  I ire  Survivability  Burn  Test  facility. 

Most  of  the  developmental  and  support  work  is  done  at  the  lest  specimen 
preparation  area,  fhe  main  test  site  is  used  for  firing  tests  and  data  collection. 

l^laleil  Ballistics  Ranges 

NWC  has  several  ranges  for  ballistic  testing.  The  ranges  of  interest  for  this 
report  include: 

1.  Small-Caliber  (iun  Range 

2.  (lUn  Target  Range 

.3.  Missile  firing  Ranges 
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4.  Missile  Hallistie  Kantics 

5.  Kiiekcl  lari:et  Range 
(■>.  Smuilated  Air-1  aiineh  Range 

Although  the  above  ranges  are  not  speeifically  used  tor  airerat't  S/V  testing, 
they  do  prirvide  ballistic  test  capabilities  that  could  augment  the  Aircrall  Surviv- 
ability Range.  The  NWC  test  ranges  are  shown  in  1 igure  Il-l. 


ACCISS 

' Highways  b,  14.  178,  and  3^5  provide  road  access  to  NWC.  Commercial  air 

transportation  is  available  Irom  Los  Angeles.  Inyokern.  Mojave,  and  Ralnulale,  CA. 
Militars  air  transportation  is  available  at  NWC,  Armitage  I'ield,  and  I dwards  Air 
I'orce  Base.  Ihe  -Southern  I’acific  Railroad  provides  rail  access  to  NW'C,  and  the  Port 
of  Los  Angeles  provides  the  closest  sea  access  and  port  facilities. 

MAlNThNANCh  F ABRICATION  CAPABILITY 

The  Lest  Specimen  Preparation  Area,  located  on  the  Aircraft  Survivability  Range 
[ provides  an  area  for  the  calibration,  repair,  and  storage  of  instrumentation  and  aero- 

space eiiLiipment  and  for  the  modification  repair  and  instrumentation  of  test  aircraft 
' and  experimental  test  specimens. 

Lhis  compound  is  enclosed  by  an  8-foot-high  chainlink  and  barbed-wire  fence, 
with  an  80-foot-wide  gate  for  aircraft  access.  Within  the  fence  is  an  engine  run-up 
pad,  a shaded  service  and  general  work  area,  an  unshaded  aircraft  parking  ramp  and 
service  area,  a machine  shop,  and  administrative  offices.  It  can  handle  two  to  four 
aircraft  at  a time,  depending  on  aircraft  size.  This  compound  has  complete  ecpiip- 
ment  for  ( 1 ) modifying  and  repairing  aircraft  and  engines  for  S/V  testing; 

(2)  constructing.  modifying  and  repairing  experimental  test  specimens;  and 

( 3 ) installing  cameras,  transducers,  servos,  thermocouples,  and  other  instrumentation 

! needed  for  specific  tests.  Adjacent  to  the  preparation  area  is  a similarly  fenced  and 

gated  (vacre  area  for  the  storage  of  aircraft  and  parts. 

i file  Airborne  Instrumentation  and  Flight  Test  Branches  of  the  Test  and  Fwalu- 

I ation  Department  also  provide  support  for  modifying  aircraft  to  carry  developmental 

or  prototype  air  weapon  systems;  install  avionics,  electromechanical  subsystems,  and 
f launching  mechanisms  for  experimental  weapons;  and  design,  fabricate,  and  install 

instruments  expressly  devised  for  special  test  rec|uirements. 


LO(,ISTICAL  SUProRT  CAPABILITY 

Lhe  NWC  .Supply  Department  provides  logistical  support  to  all  test  activities. 
Support  activities  located  within  the  Test  and  Fvaluation  Department  include: 


f 
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1.  i aci lilies  l’lantiin{>  (Jroiip 

2.  Meleorolopieal  Serviees 

3.  lelemetry  Sersiees 

4.  Data  Reiliietion. 

Amimmition  storajie  majia/inos  are  available  at  the  various  ballistic  ranges. 

INDOOR  I ACILini  S 


None. 


OUTDOOR  FACILITIES 


AIRCRAFT  SURVIVABILITY  RANCiE 
Dimensions 

Hie  main  test  site  (Figure  II-2)  on  the  range  consists  of  a 60-  by  60-foot 
elevated  concrete  test  pail  with  a 40-foot-wiile  approach  ramp  ami  tie-down  stand 
that  can  support  a 100,000-pound  aircraft  w'ith  engines  operating  up  to 
50.000  pounds  thrust,  a gun  tower  so  that  guns  can  shoot  into  any  desired  area  of 
the  aircraft,  a high  velocity  airllow  system,  and  test  support  equipment.  Nominal 
tiring  range  is  60  to  80  feet.  The  maximum  firing  range  depends  upon  accuracy  of 
weapon  used. 

(1  test  pad,  used  for  testing  aircraft  subsystems  and  components,  is  located 
300  feet  north  of  the  main  test  site. 

C2  test  pad  is  located  directly  adjacent  to  tlie  main  te'^t  pad.  It  is  a 65-  by 
‘>0-foot-pad  consisting  of  “T”  slots  embedded  in  concrete  at  1 0-foot-intervals,  with 
underground  conduits  for  COs  electrical  controls,  power  and  instrumentation,  com- 
pressed air,  and  jet  engine  blast  dellector,  and  strategically  located  camera  support 
boxes.  Ibis  test  pad  can  support  tests  requiring  fully  operational  aircraft  with  simu- 
lated in-tlight  airllow. 

The  lest  Specimen  I’reperation  Area  is  a 3-acre  area  enclosed  by  an  8-r,ot  high 
chainlink  and  barbedwire  fence,  with  an  8-foot-wide  gate  for  aircraft  access.  Aciosc 
the  street  is  a similarly  fenced  and  gated  fvacre  area  for  storage. 

Weapons.  Projectiles  Available 

I he  facility  accommiHlates  U.S.  and  Soviet  weapons  from  7.62-  through  40mm 
(Soviet  projectiles  through  57-min).  I'ragmentation  rounds  are  fired  from  a .(>0  cali- 
ber and  30-mrn  smooth-bore  guns.  Multifragment  firings  are  accomplished  with  a 
light  gas  gun.  A 1/2-mch  bore  powder  gun  is  available.  A 2..5-inch  bore  light  gas 
gun  is  also  available. 
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l-iiviroiiiiu-nl 

A now  liigh-voU>oity  airilow  system  provides  velocities  up  to  550  knots  airllow 
o\er  sections  ol  tlie  aircraft.  A 4H-incli-diameter  liuct  may  be  utilized  to  adapt 
carious  duct  extensions  which  may  be  conl'iiiuretl  as  reciuired  for  specific  test 
rei|uirements. 

I acihties  are  available  to  chill  small  (|uantities  of  fuel  for  explosive  testing. 
Simulated  tlight  loails  to  test  specimens  can  be  provitled  when  rcuiuired. 

Live,  Inert  Fire 

live  projectiles  (7.62-  through  57-mm),  single  fragments  and  multiple  fragments 
can  be  tired  at  the  facility. 

Safety  (and  Security  I Reiiuirements 


A closed  circuit  color  television  system,  high  noise  communication  system, 
public  address  system  with  warning  light,  and  a siren  are  used  for  area  safety  and 
control. 

I here  are  two  remotely  controlled  firefighting  systems;  COs  (primary)  and 
water  deluge.  Atiditionally,  a semiportable  cart  containing  light  water  and  purple-K 
anil  a manned  fire  truck  are  available  for  all  tests,  riie  ('Os  is  held  in  an  8-ton 
tank  and  piped  to  the  impact  area  or  to  special  manifolds  having  dispensing  net- 
works connected  to  the  aircraft.  An  on-site  well  and  a 10,600-gallon  capacity  storage 
tank  supply  water  to  the  deluge  system.  This  system  sprays  the  entire  test  pad  area 
from  several  heads  mounted  on  its  perimeter.  Spilled  fuel  and  water  are  controlled 
by  curbing  and  a large  capacity  drainage  system. 

file  facility  is  located  within  a secure,  guard-protected  complex  providing  the 
necessary  security  precautions  for  firing  classified  weapons. 

Power  Aval  la  1 rility 

Mectrical  power  at  the  facility  includes  500  kVA,  3-phase,  60  11/;  100  kVA, 
.3-phase,  400  11/,  115  VAC  and  28  VDC,  400-ampere.  Aircraft  portable  power  units 
are  also  used  if  reiiuired. 

Obsenalion/Conimunicalion 

Iwo  ('(TV  (closed  circuit  television)  are  available  at  the  test  site.  One  remotely 
controlled  system  is  located  in  the  site  blockhouse.  Others  are  used  as  portable 
video.  Intercoms  are  used  for  on-site  communication.  Twi>way  radios  are  used  to 
coordinate  with  the  range  radio  system.  The  high  noise  communication  system  is 
utili/ed  around  operational  aircraft  and  during  test  preparation  for  calibrations  and 
operational  checkout  of  all  systems.  All  voice  communications  and  video  systems  are 
recorded  during  testing. 
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In-Flit’ht  Ballistic  Instriimeiitalioii 

L.ASI  K/I*H() KXiRAPHY.  Projectile  velocities  anil  other  in-lliglit  data  are  ac- 
iiuired  usiii};  clironofiraphs  (two  on  hand,  two  on  order),  hiph-speed  photography, 
and  a hlack  and  white  IR  recorder,  A pool  of  instrumentation  equipment  provides 
additional  capability  to  the  test  sites.  Table  11-1  lists  the  photographic  equipment 
available  trom  the  Photo  Hranch. 

riMINCi,  Time  code  generators  provide  data  tune  correlation.  Hie  time  code 
(IRI(i-B)  is  recorded  directly  on  the  magnetic  tape  recorders,  oscillograph  data,  and 
data  t'ilms. 

H LI  Ml  TRY.  Instrumentation  transducers  are  hardwired  to  the  recording  eipiiiv 
ment  in  the  I'ire  Control  Barricade  (Blockhouse).  Baseband  multiplexed  data  are 
either  recorded  on  magnetic  tape  or  discriminated  and  recorded  on  oscillographs  for 
quick-look  and  data  verifications. 

() rill.R,  There  are  97  channels  of  output  from  the  fire  control  barricade  to 
the  test  site.  I'hese  are  used  for  such  operations  as  turning  on  cameras,  controlling 
the  aircraft  engine,  firing  the  gun,  and  energizing  the  firefighting  systems.  During 
testing  an  automatic  sequence  timer  controls  gunfiring,  camera,  etc.  The  wiring  from 
the  fire  control  barricade  to  the  electrical  barricade  runs  in  underground  conduits, 
riie  wiring  from  the  electrical  barricade  to  the  test  pad  junction  boxes  is  in  under- 
ground conduits,  and  cables  from  these  boxes  to  the  test  aircraft  are  considered  to 
be  expendable. 

Tcnniiial  Ballistic  Instrumentation 

PIIOKKIRAPIIY,  Much  of  the  photographic  equipment  listed  in  Table  11-1  can 
be  use’ll  to  record  projectile/specimen  impact. 

I IMIN(i,  lime  code  generators  provide  data  time  correlation.  The  time  code 
(IRI(i-B)  is  recorded  directly  on  the  magnetic  tape  recorder,  oscillograph  data  and 
I data  films. 

I Tl  1,1  Ml. TRY,  All  terminal  ballistic  data  transducers  are  hardwired  to  the  F'ire 

- Control  Barricade  where  the  information  is  recorded  on  magnetic  tape  or  oscillo- 

graphs or  displayed  on  various  types  of  monitors.  Iransducers  are  available  for 
measuring: 

I.  Strain  (tension  or  compression)  to  24,000  microstrains 
I 2.  Temperatures  from  -200°  to  +2000°1- 

3.  Pressures  to  100,000  psi 

4.  Accelerations  to  ±5000  g’s 

5.  F iring  rates  as  required. 

OTIII'R,  riie  following  signal  conditioning  equipment  is  available  in  the  Fire 
Control  Barricade  (Table  11-2). 


124 


JTCG/AS-76-D-001 


Environmental  Simulation  and  Measurement 


Two  (one  ^)5-knot  maximum  and  one  550-knot  maximum)  airflow  systems  are 
available.  The  air  can  be  cooled  by  100°F  maximum  usiiii:  cyrogenics.  Simulated 
night  loads  can  be  applied  to  the  test  specimen  as  required  (using  hydraulic  jacks 
and  wiflle  trees). 

Planned  Expansion  Modification 

A proposi'd  modification  program,  to  span  a 3-year  period  beginning  with 
l Y 1975,  will  include: 

1.  Modification  to  intersite  cabling  conduits 

2.  Addition  of  underground  instrumentation  area 

3.  Providing  cable  terminators  in  Junction  boxes  at  each  site 

4.  Addition  of  a second  main  power  transformer 

5.  Procuring  additional  recjuired  instrumentation 

().  Procure  microwave  link  with  main  laboratory  UnivaclllO  computer  for  data 
reduction. 

7.  Liglitwater  (AFTT-)  fire  extinguishing  system 

8.  ClX'-8090  computer  system. 

The  modifications  will  increase  instrumentation  fiexibility  and  minimize  instru- 
mentation setu|i  time. 


SMALL-CALIBER  GUN  RANGE 

The  Small-Caliber  Gun  Range  and  the  ballistic  test  facilities  to  follow,  although 
not  presently  used  for  S/V  testing  will  be  briefly  discussed  to  point  out  the  addi- 
tional ballistic  lest  capabilities  available  at  NWC. 

Dimensions 


The  Small-Caliber  (fiin  Range  is  a 1000-meter  range  used  for  the  study  of  the 
exterior  ballistics  of  20-mm  projectiles  from  firing  through  impact. 

Weapons/Projectiles  Available 

Although  designed  for  testing  20-mrn  ammunition,  the  range  can  be  used  for 
gun  tests  of  weapons  systems  up  to  30-mm  in  size. 

Environment 


None  (other  than  ambient)  available  at  this  facility. 
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Live  .inert  Fire 


live  ammunition  can  be  tired  on  this  range. 
Safety  (and  Security)  Re<|uirements 


Standard  range  siife  operating  procedures  are  used  at  tlie  facility, 
rile  range  is  located  in  a secure  area  and  can  accommodate  classified  weapons. 
Power  Availability 


Aircraft-type  electrical  power  and  high-pressure  air  are  available  to  the  gun- 
mounting pads.  Utility  power  is  available  to  the  test-control  building. 

Observation/Communication 


I 

t 

1 


! 


Iwo-way  radios,  intercoms,  and  cameras  provide  observation  and  communication 
between  the  test-control  building  and  test  specimen. 

In-F~light  Ballistic  Instrumentation 

1 AS!  K,  PHOTtKiRAPtlY.  I'he  range  is  uniquely  instrumented  for  gathering  high- 
speed, to  1 million  frames/sec,  stop-motion  photographic  data  on  projectiles  in  flight, 
and  for  the  operational  comixments  and  operational  cycle  of  aircraft  machine  guns. 
A system  of  mirrors  and  high-intensity  lighting  allows  a single  camera  to  record  on 
a single  filmstrip  five  images  that  give  a 360-degree  coverage  of  a projectile  in  fiight. 
Ihis  techniciue  produces  photographic  signature  patterns  for  various  conditions  of 
pitch  and  yaw.  The  techniiiue  can  also  give  data  on  velocity  and  change  of  attitude 
with  time  by  the  use  of  two  or  more  multiple-image  photographic  stations.  This  is 
only  one  of  several  NWC-developcd  techni(|ues,  w'hich  when  combined  with  high- 
speed synchro-ballistic  cameras,  yield  high-tiuality,  clear,  detailed  images  of  test 
projectiles  in  tlight. 

n.MINfi.  Time  code  generators  and  counters  are  used  for  timing  reference. 

Tl-HiML FRY.  The  majority  of  the  transilucers  are  used  for  gun  functions  and 
terminal  ballistic  data. 

OI  111  R.  Velocity  coils  and  an  ultra-high  intensity  narrow  beam  light  source  are 
available  also. 

Terminal  Ballistic  Instrumentation 


i.ASI  R/IMI()T()(iRAI*IIY.  The  photographic  equipment  listed  in  Table  H-l  can 
be  used  as  requir-d  on  the  Small-Caliber  (iun  Range. 

I IMINCi.  Time  code  generators  and  counters  are  used  for  data  time  correlation. 
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n Ll  M>  I RV.  Transdiicors  are  luirilwireil  to  tlic  test  control  building.  Typical 
parameters  include: 

1.  Strain  (tension  or  compression)  to  24,000  microstrains 

2.  Temperatures  from  -200°  to  +2000°F 
Pressures  to  100,000  psi 

4.  Accelerations  to  ±5000  g’s 

5.  Tiring  rates  as  rec]uireil. 

OIHTR.  Tests  requiring  transducers  not  immediately  available  at  the  range  can 
be  accommodated  using  ecpiipment  from  the  instrumentation  pool. 

Tnvironmental  Simulation  and  Measurement 

Not  applicable  to  this  facility. 

Planned  Expansion/Mudification 

No  expansions  or  modifications  to  the  facility  are  currently  planned. 


GUN  TARGET  RANGE 
Dimensions 

fills  Range  is  used  for  firing  of  projectiles  from  major  caliber  guns  to  measure 
fuze  sensitivity  and  fuze  patterns  and  to  determine  how  variation  of  the  aspect  of 
the  target  affects  fuze  performance.  Part  of  tire  facility  is  a howitzer  range,  where  a 
variety  of  fuzed  projectiles  are  fired  to  collect  data  on  burst  heights  and  on  fuze- 
arming performance. 

Maximum  firing  range  using  a one-shot  Mann  Barrel  is  1000  meters.  Greater 
firing  ranges  can  be  accommodated,  but  these  depend  largely  on  projectile  (light 
path  and  desired  accuracy. 

t 

'■  The  range  areas  are  on  a wide  expanse  of  relatively  fiat  terrain  that  is  backed 

up  by  mountains  at  distances  from  7000  to  20,000  yards.  The  focal  point  of  range 
operations  is  the  gun-line  area,  where  naval  guns  and  rocket  launchers  fire  projectiles 
and  small  rockets  for  fuze  tests.  At  the  target  area,  two  wooden  target  towers  are 
I used  to  suspend  large  targets  in  an  environment  that  minimizes  the  extraneous  re- 

! (lections  seen  by  the  fuze.  Downrange,  an  instrument  building  4000  feet  off  the  line 

* of  fire  provides  an  unobstructed  view  of  targets  suspended  between  the  towers.  This 

building  houses  instrumentation  for  burst-position  spotting,  camera  control,  and  fuze- 
signal  monitoring.  The  gun-line  area  includes  a storage  and  temperature-conditioning 
building,  gun-crew  shelters,  and  an  extensive  underground  system  of  ^xrwer,  com- 
munications, timing,  and  signal  lines. 


I 

J 
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Weapons/Projcctilcs  Available 

IVrmanoiitly  mounleil  3”/50,  5”/38,  5”/54,  anti  naval  guns  anti  rnckct 

launclitTs  are  available  tt)  lire  projectiles  anti  small  rockets  for  fuze  tests.  A mobile- 
gun  roatl  extentling  beliinti  the  gun-line  permits  testing  with  long-range  mobile  guns 
by  emplacing  the  guns  along  the  roatl  at  positions  where  their  firing  range  to  the 
target  area  is  greater  than  that  from  the  gun-line. 

Kiivironmcni 

None  (other  than  ambient)  available  at  this  facility. 

Live;  Inert  Fire 

Live  ammunititm  anti  small  rockets  can  be  firetl  on  the  range. 

-Safelv  (anti  Security)  Ke<|uirements 

Range  stife  operating  procedures  are  follcv.^J  for  all  ballistic  tests. 

All  test  operations  of  this  range  are  controlled  from  the  control  center  on  the 
second  fioor  of  a three-story  test  control  building  at  the  gun-line  area.  This  re- 
it?forced  concrete  building  is  safe  for  occupancy  under  all  test  firing  conditions. 

file  entire  range  is  locateil  in  a secure  area  and  can  accommodate  classified 
weapons  if  retjuired. 

Power  Availability 

Utility  power  is  available  in  the  instrument  building  and  test  control  building. 

A network  of  power  lines  (and  signal  lines)  allows  utilization  of  portable 
instrumentation. 

Obscrvalioii/Comiminicatiun 


Fragment-resistant  windows  in  the  control  center  give  test  conductors  a clear 
view  of  the  t!i^n-linc  arcu.  Behind  tJ)e  test  control  building  is  a 50-foot-high  steel 
spotting  tower  that  can  be  moveil  along  a 300-foot  track  and  positioned  behind  any 
of  the  guns  to  look  along  the  line  of  fire.  From  within  the  tower,  experienced 
spotters  with  telescopes  locate  the  burst  position  of  each  round  and  relay  the  infor- 
mation to  the  control  center. 

In-Flight  Ballistic  instrumentation 


LASFR/PHO'KKiRAPtlY.  High-speed  cameras  such  as  those  listed  in  Table  11-1 
can  be  used  to  record  in-llight  data. 

TIMING.  I RIG  time  code  generators  and  digital  counters  provide  data  time 
correlation. 
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il  U Ml  TRY.  Tlie  instrumentation  on  tliis  range  is  used  to  evaluate  fuze  per- 
formance anil  not  projectile  in-lliglit  ballistics. 

Terminal  Ballistic  Instrumentation 

L A.SI  R 1*110  KK;  RATI  I Y.  ('('I  V cameras  record  burst  position  around  the 
t.irget.  Hie  top  of  the  test  control  building  is  available  for  mounting  cameras  and 
other  instruments  to  record  miss  distance. 

1 IMIN(i.  IKKi  tune  code  generators  and  digital  counters  are  used  for  data  time 
reference. 

I I'  Ll  Mb  TRY.  The  electronic  instrumentation  is  used  to  monitor  and  record 
fuze  signals.  Additional  instrumentation  is  available  from  the  instrumentation  pool. 

rile  network  of  signal  and  power  lines  allows  portable  equipment  to  be  readily 
installed  at  various  points  on  the  range. 

Environmental  Simulation  and  Measurement 


Not  applicable  to  this  facility. 

Pla n ned  E \pa nsion /Mod if ica t ion 

No  exiiansion  or  modification  are  currently 


planned. 


EULL  SCALE  EIRE  SURVIVABILITY  BURN  TEST  FACILITY 
Dimensions 

riiis  facility  is  currently  under  construction  at  the  Aircraft  Survivability  range 
at  NNVe  and  is  scheduled  for  completion  in  December  1977.  When  completed  this 
will  be  the  most  elaborate  of  the  fire  test  installations  at  NW('.  This  installation  will 
consist  of  a 100-  by  100-foot  concrete  burn  test  pit  constructed  over  an  instru- 
mentation room,  riiis  room  will  be  accessable  through  a 150-foot  long,  7-foot- 

* diameter  tunnel  which  will  run  from  a fire  control  building  completely  under  the 
burn  pit  area.  Ihis  test  facility  will  make  it  possible  to  place  large  or  delicate 
instrumentation  as  close  as  possible  to  the  test  item.  The  blockhouse  at  this  site 
will  house  all  required  instrumentation  and  recording  equipment  and  will  be  tied  to 
the  main  fire  control. 

• Weapons' Project  lies  .Available 


Not  aiiplicable  to  this  facility. 
Environmeiii 


t 


( hemical  and  toxic  fire  environments  can  be  provided  in  the  concrete  burn  test 

pit. 


f 
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Live, 'Inert  F-'irc 


Ni>t  appliealile  to  this  tacility. 
SiifetN  laiul  Security  I Ket|iiirenients 


I he  lire  lit’htmj*  system  currently  beinji  installed  lor  this  area  consists  of  a high 
volume  light  water  system  capable  of  300  gal/mm  How  of  light  water.  Ihe  entire 
facility  is  located  in  a secure  area. 

Power  Availability 

Lhihty  and  instrumentation  power  are  available  in  the  instrumentation  room. 
Observ  a lion /Communication 


Photographic  aiul  visual  observation  from  safe  distances  is  permitted. 

Iwo-way  ratlios  and  a public  address  system  are  available  for  communication. 

Inst  ruinen  tajhm 

In  addition  to  the  normal  instrumentation  such  as,  photographic,  timing,  re- 
cording anil  data  reduction  capability,  the  following  specialized  ei|uipment  is  available 
at  this  location. 

( HI  MIC  At.  AM)  lOXIC  l (jUII*MI.M.  To  provide  the  capability  to  identify 
and  nuantify  gas  species  Irom  the  fire  environment,  a programmable  gas  capture 
system  is  available.  Ihis  unit  consists  of  twenty  (20)  fifty  (50)  Ml  flasks  which 
have  programmable  high  vacuum  solenoid  valves  for  capturing  gas  samples  at  desired 
intervals  during  a test.  Hie  circulated  gas  How  to  and  from  the  test  item  is 
achieved  by  means  of  a stainless  steel  diaphram  gas  pump  which  circulates  the  gas 
into  the  flasks,  l^pon  the  completion  of  the  test,  gas  samples  are  removed  as  desired 
from  incorporateil  septum  tee’s  and  analyzed  using  a gas  chromatograph  and  then  a 
mass  spectrometer.  In  addition  to  this  unit,  on-line  gas  data  are  available  from 
different  sensors.  ('()  and  ('(H  monitored  with  a Heckman  IR  sensor.  NO  and 
NOX  are  monitored  with  an  Aero-Chem  chemiluminescent  sensor.  The  halides, 
cyanide  and  any  other  chemical  specie*'  of  interest  are  monitored  using  specific  iron 
electrodes.  Animal  data  can  also  be  e .tracted  by  use  of  l'K(i  data  equipment. 

HI  A I ITTX  AM)  n Ml>l  RATHRl.  ( IIARArTI  RI/.A TIQN,  Traditional  calo- 
rimeters such  as  the  (lardon  and  thermopile  design  are  used  to  meausre  heat  tliix 
intensity  and  history,  l-.xpandable  flux  meters  made  of  Armco  iron  using  NW(' 
designs  are  attached  to  test  items  to  measure  both  the  direction  and  intensity  of 
heat  as  a function  of  time.  Capability  exists  for  measuring  the  temporary  spectral 
distribution  of  heat  in  tiiel  tires. 

Femiierafures  are  measured  with  miniature  thermocouples  of  either  the  bead  or 
riblson  construction. 
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Ml  ( HANK  Al  ■ ori  K AL  AM)  SMOKI  ( IIAKA(  1 1 Kl/A HON.  Ili!’h  tcmpera- 
lurc  Ntniiti  siaec  todinolotiy  is  used  mcasurin;:  structural  dclormation  in  a fire 
environment.  New  leelinii|ues  are  beine  developed  to  meet  the  various  meausrement 
rei|uirements. 

A l(>-mm  movie  camera  e(|ui|rped  with  a 1 20-dei’ree  t'ield-ot-view  wide  angle 
lense  has  been  packaged  within  an  insulated  water  jacket  and  is  designed  to  be  used 
within  a test  item  during  a tire. 

Smoke  IS  measureil  with  an  expeiulable  apparatus  which  has  been  calibrated 
with  both  neutral  density  filters  and  smoke  in  the  NASA-NUS  smoke  chamber. 

1 I [ I M I 1 K't . A transmitter  with  sell-powereil  electronics  exists  with  a 
1 20  channel  cai'abihty.  This  electronic  package  has  been  packaged  within  an  insulated 
water  picket  and  is  ilesigned  to  be  useil  within  a test  item  during  a fire. 

MISSILl  I IKIN(.  KAN(.E  S 
(itiiileil  Missile  Range 

I he  (luuled  Missile  Range  is  used  to  conduct  tests  and  evaluation  of  air-tevair, 
surtace-to-air.  aiul  surlace-to-surface  guided  missiles,  rockets,  and  firc'-control  systems; 
i.  aptive-llighl  tests  of  aircraft  missile  anil  rocket  armament.  The  range  is  also  used 
for  evaluations  of  shipboard  gun  and  missile  fire-control  system  components, 
l.iunchers,  and  radar-deception  rockets. 

1 he  range  centers  on  the  main  missile  line  of  fire,  which  runs  through  the 
.il'proximate  center  ol  the  China  l..ike  com|ilex  from  the  southern  edge  ot  the  dry 
hike  to  the  north  boundary.  Hie  operations  and  support  facilities  are  at  the  south 
end  of  the  line  and  the  test  area  extendes  downrange  from  them  to  the  north 

bouiularv  m a .CS-degree-wide,  37-mile-long  sector.  Most  of  the  fixed  cinetheodolites 
ol  the  weapon  system  test  ranges  are  emplaced  along  the  east  and  west  edges  of 
this  sector,  they  iirovide  continuous  high-altitude  (to  1 00. 000  feet ) coverage  over  the 
entire  length  ol  the  missile  line  of  fire  and  ground-level-to-high-altitude  coverage  over 

Its  first  1 8 miles.  Within  the  test  area,  there  are  7.S  precisely  surveyed  instru- 

mentation sites  on  which  mobile  cintheodolites,  tracking  mounts,  and  precision 
photographic  and  video  cameras  can  be  emplaced  to  lurnish  additional  or  elose-in 
coverage  as  reipiired.  Spotting  towers  are  also  available  to  cover  Irequently  used 
impact  /ones,  and  reinforced  instrument  shelters  for  remotely  controlled  film  and 
IV  cameras  are  available  m high-ha/ard  areas. 

t Special  test  areas  include  two  downrange  installations  equipped  and  instrumented 

to  fire  chat l-dispensing  rockets  and  to  collect  data  on  the  size,  shape,  density,  and 
dispersion  rates  of  the  resulting  chalT  clouds;  several  firing  sites  at  which  up  to  2b 
precision-orientation  cameras  can  be  set  up  to  cover  selected  preplanned  missile  llight 
paths;  and  the  Small-Missile  Range.  I'here  is  also  a pool  of  (lO  radar  transmitter- 
antenna  combinations  that  can  be  sited  anywhere  on  the  test  ranges  and  remotely 

f operated  as  targets  for  antiradiation  weapons  and  seekers.  I'hese  stripped-down  radars 

are  used  either  singly  or  in  clusters  to  simulate  various  Rl'  radiation,  interference,  or 
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iloccption  oiiv iroiimcnts.  labilities  in  the  operations  and  support  area  ineliule  the 
ranee  eontrol  eenter;  a eontrol  building  ami  launehing  ramps  for  H(^M-34A  target 
drones;  missile  launchers  and  movable  barricades;  shelters  Ibr  weapon  systems  under 
test,  connected  by  underground  cableways  to  reinlbrceil  pads  tor  launebers  and 
heavv  gun  mounts;  assembly,  check-out,  storage,  and  conditioning  buildings  for 
missiles  and  rockets;  and  ammunition  maga/ines. 

Nhijor  instrumentation  inckules  several  tracking  railars  operating  in  the  ('-  and 
\-b,mds,  capable  ot  either  skin  or  beacon  tracking.  A (DC- 1700  and  two  Lhiivac 
12IK  digital  computers  ami  peripherals  are  used  tor  data  processing,  storage,  and 
realtime  display.  I hree  sets  of  large  XY  and  II  plotting  boards  are  used  for  simul- 
taneous display  ol  launebing  aircraft,  missile,  ami  target  space  positions  during  air-to- 
,iir  engagements.  1 .AS  control  center  ami  microwave  data  links  to  MIDAS  sites  and 
video  laboratory;  timing  generation,  telemetry,  and  remote  instrument  control 
lacihties;  emergency  in-fligbt  destruction  command  system  for  experimental  hardware; 
ami  grouml-to-.iir  AM  I'llCi  and  ground-to-ground  I'M  Vlll-  voice  communication  and 
data  link  e»iuipmenl  sufficient  to  coordinate  and  control  all  air  and  ground 
operations  on  the  weapon  system  test  ranges  during  tests  r>r  evaluations  entailing 
concurrent  activities  at  several  facilities  are  also  available. 

Small- .Missile  Range 


Ibis  range  is  used  for  tests  of  short-range  surlace-lcvair  guided  missiles  against 
low-llying  aerial  targets,  field  evaluations  of  small  tactical  air-ilelense  systems,  aiul 
pretlight  tests  of  experimental  air-to-air  guiiled  missiles  and  rockets.  The  range  is 
used  primarily  for  test  activities  entailing  potential  ha/.arils  from  ilevelopmental 
ordnance  of  unproven  reliability  or  from  damageil,  out-of-control  target  drones. 

1 he  facility  consists  of  a range-control  blockhouse,  steel-plate  protective  bar- 
rib.ides  lor  personnel  and  equipment,  shelters  and  platforms  for  mobile  instru- 
mentation, and  hiunching  pavls.  It  is  located  about  .3  miles  north  ot  the  control 
center  of  the  (iuided  Missile  Range,  and  is  essentially  a subfacility  of  that  range, 
sharing  its  airsi'ace,  downrange  area,  fixed  electronic  and  optical  instrumentation, 
drone  launchers,  missile  assembly  and  check-out  buiklings,  amt  support  facilities. 

Targets  available  tor  surface-to-air  firings  include  drones,  towed  targets,  target 
rockets.  Hares,  and  telheretl  balloons.  Missiles  can  be  launched  at  almost  any  angle 
against  a|iproaching  targets.  Liunchers  may  be  mannevl  or  remotely  conlrollevl  from 
the  blockhouse,  and  lightweight  trainable  launchers  can  be  emplaced  on  the  block- 
house roof  to  facilitate  acquisition  and  tracking  of  small  low-llying  targets  (('('fV 
enables  controllers  in  the  blockhouse  to  monitor  the  behavior  of  launchers  and 
missile  throughout  a tracking  ami  firing  sequence).  If  ilesireil.  full  documentary 
photographic  coverage  ol  any  test  activity-  including  launch-to-impact  photography 
of  short-range  surlace-to-surface  firings  along  preiilanned  trajectories  - can  be  provided 
with  mobile  instrumentation. 
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MISSILI  BAlllSIK  R\N(;JS 
IjAlcrior  K;illi\lics  Kiinyi.* 


Hus  laolity  is  iisoil  tor  tests  ol  Irallistic  aiul  small  juiuled  missiles  under  simu- 
lated aireratt  lautieh  eorulitions,  espeeially  lor  yalhering  data  of  launehing  aiul  early 
tlight  parameters,  test  of  ground-launelied  roekets  atid  small  surlaee-to-surlaee  ballistic 
aiul  guided  mivsdes,  and  studies  ol  projectile  ballistics. 

One  of  the  installations  on  Ibis  lange  is  a 55()-root  launebing  ramp,  elevated 
(>-ilegrees  Irom  tbe  bori/ontal.  On  it,  a rocket-propelled  sleil  can  produce  predeter- 
mined launeb  velocities  up  to  Mach  1 (lor  tbe  tiring  of  aircraft  weapons  from 
simulated  aircralt  under  precisely  controlled  conditions).  Heavy  instrumentation  at 
tbe  fire  point  allows  detailed  study  of  aircraft/wcapr)n  separation  ebaracteristics  and 
weapon  ballistics.  Ibis,  combineil  with  tbe  downrange  instrumentation  shared  with 
tbe  Ouided  Missile  Range,  providerl  coverage  of  a weapon  trajectory  from  launeb  to 
impact.  Ibe  elevation  of  tbe  ramp  and  tbe  Hat  terrain  in  front  of  it  give  long 
trajectories. 

Ibe  operations  and  support  facilities  of  tbe  range  are  at  tbe  south  end  of  the 
main  missile  line  of  fire  just  east  of  the  Ciuided  Missile  Range  control  area.  The  lest 
area  overlaps  tbe  (iuided  Missile  Range  aiul  covers  a 35-degree-wide,  37-mile-long 
sector.  The  two  ranges  share  tbe  downrange  areas  and  instrumentation.  Ibe  first 
1 IS, 000  yards  of  tbe  range  are  kept  free  of  duds  (normally  only  inert  wea|ions  are 
fired)  so  that  bits  and  pieces  of  a fired  weapon  can  be  recovered  for  analysis.  When 
needed,  chemical  and  metallurgical  analyses  of  such  recovered  items  are  furnished  by 
tbe  NW(  Research  Dejiartmenl. 

l ixeii  launeb  e(|uiiunent  inckules  a two-cell  ASROC  launcher  and  Mk  102  and 
Mk  105  autoloader.  5-incb  barrage-rocket  launchers,  and  several  universal  rockel- 
launcbing  pads  and  launchers.  Ibe  gun  facility  has  5”/38,  5”/-54,  and  3”, '50  naval 
gun  mounts  for  firing  projectiles.  In  addition,  other  guns  are  available  at  tbe  .Small- 
('aliber  (iun  Range,  and  l u/.e  Ranges,  l acilities  in  tbe  control  area  include  a test 
control  building,  an  assembly  aiul  check-out  buililing  with  temperature-conditioning 
chambers  that  haiulle  weapons  up  to  20  feet  long  and  4 feet  in  diameter,  and 
maga/.ine  storage  for  all  classes  of  explosives. 

The  range  has  many  kinds  of  downrange  instrumentation.  Processing  and  storage 
of  data  are  ilone  by  tbe  computers  at  the  (iuideil  Missile  Range  control  center. 
Numerous  instrument  sites  are  available  close-in  for  film  and  I V cameras  to  cover 
early  missile  lligbl.  ( amera  coverage  of  an  entire  missile  flight  is  available.  A link  to 
tbe  video  instrumentation  laboratory  can  give  realtime  virleo  coverage.  Also,  digitized 
• instrumentation  radar  is  available  for  projectile  trajectory  data.  A mobile  telemetry 

receiving  van  is  moved  in  when  required  to  supplement  tbe  primary  telemetry  re- 
ceiving facility  locateil  at  tbe  Air  Weapons  Range. 
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lorninial  liallisiics  Kaiiiji' 

I Ills  raii^o  is  used  lor  teriiiiiial  hallisties  test  in,”  ol  l u/e  aiul  warhead  perlor- 
iiianee  and  ol  tu/iiii:  results  In  strikin,”  laruels  ol  various  si/es  ( Iroiii  massive  to 
very  small  aiul  thin)  at  an  exact  point  and  with  precisely  conirollahle  strikm.L' 
velocitv  aiul  strikme  anele  (hy  rotating  target).  .Some  telemetered  vvarlieail  elTective- 
ness  testing  .md  some  crossvviiul  firings  ol  small-caliher  guns  at  high  s|ieed  are  done 
on  this  r.mge.  Also,  a sublacihty  is  available  for  studying  the  blast  effects  on  flying 
proiectiles  and  lu/es  In  tiring  salsot-encasetl  models  troni  an  X-inch.  smooth-bore  gun 
through  a controlled  explosive  blast. 

file  range  is  locateil  on  relatively  Hat  terrain  at  the  eilge  ol  the  dry  lakebed 
area.  1 he  primary  installation  s a two-rail.  150()-foot  track  on  which  very  inex- 
pensive sleds  can  be  propelled  at  speeils  iip  to  ,7,^()()  feet/sec  and  accelerations  up  to 
1 2.S  ,g.  file  sled,  which  consists  ol  inexpensive  extriuleil  shoes  that  lit  lietween  or 
clamp  onto  the  rails,  can  be  separateil  from  the  test  item  at  the  end  of  a run  (by 
a lilovv-aparl  explosive  bolt)  so  that  it  lioes  not  interfere  with  the  test,  (ontrol  aiul 
support  I.Kihties  iiuhule  .1  test-control  building,  temperature-conditioned  assemlvly 
building,  stoi.ige  building,  maga/ines.  and  liniiteil  machine  shops  (in  which  sleds  are 
built).  Most  \avv  rocket  lu/es  have  been  tested  at  this  track,  which  is  one  of  only 
two  such  installations  m the  country. 

I he  r.mge  includes  a sulifacilitv  lor  gathering  experimental  ilata  on  scale  nuulels 
ol  weapons  aiul  weapon  components  llowii  through  a blast  field.  A smooth-boretl. 
X-mch,  staiuhirvl  \,ivy  gun  fires  sabot-encased  models  at  prevleterniiiied  velocities 
ranging  troni  .f()(K)  to  feet/sec.  A (irecise  sphere  of  .SOO  pounds  of  1 N f is 

suspeiuled  .iluive  a (i-loot-thick,  harilened  cmicrete  pavl  directly  in  the  line  of  tire. 
Moilel  speevi  .md  explosive  iletonation  are  s\  nchroni/ed  to  optinii/e  the  ilesirevi  blast 
elfects  lor  iiulividual  tests. 

1‘ortable  mstrunient.ition  tor  measuring  strain,  shock,  temperature,  vibration, 
t'last  pressuie.  aiul  telemetering  ilata  is  set  up  to  meet  the  needs  ot  individual  tests 
.iiiil  IS  removed  when  not  testing.  Detailed  photographic  coverage  is  available. 

I he  X-mch  gun  tacihty  has  camera  mounts  to  accommodate  high-speed  cameras 
lor  photogr.iphing  the  model  .is  it  enters  the  blast  wave. 


SlMDI  AIl  l)  AIK-LAl'N(  II  l<  \N(.I 

I he  Air-Liunch  ' ge  is  used  lor  testing  ol  .iir-vveapon  lu/es  by  l.iunchmg 
small  missiles  and  rockets  troni  a mountain  top  toward  t.irget  areas  on  neighboring 
hillsides  and  valleys,  launch  angles  and  impact  angles  and  positions  can  be  precisely 
controlled  in  a ground  environment  that  closely  siniul.ited  air-launch  conditions 
(except  lot  lorw.ird  speed  ol  the  lautiching  aircrall). 

I he  ratige  ts  located  ni  a remote  tnoutit.imoits  area  in  the  tiorthwest  sector  ot 
the  ( liiiia  lake  cotiiplex.  It  ulih/es  the  uni(|ue  terram  leatures  ol  the  area  to 
provide  a ground-launch  lacilily  tluit  closely  siimilates  most  ol  the  char.iclerist ics  of 
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an  aii-laimdi  aiul  an  air-lonrouiul  Iraici. lor\ . I liric  launch  pails  on  top  ol  a stcciv 
siiicil  mountain  allow  weapons  to  he  launcheil  at  various  angles  (incluiling  steep 
angles  simulating  launelies  in  a ilive  attituiie)  at  target  areas  Irom  4000  to 
15,000  feet  awav.  l liis  range  is  based  on  the  same  principle  as  the  Rocket  Target 
Range  (providing  a line  oT  lire  when  no  ground  surlaces  intrude  on  the  hemisphere 
in  front  of  the  fu/e).  hut  much  sleeper  tiring  angles  and  variable  firing  ranges  are 
possible  here.  This  range  proviiles  a capability  lor  testing  lii/es  in  combination  with 
warheads  and  rocket  motors  that  have  not  yet  been  approved  for  air  firing.  Addi- 
tionalh.  It  allows  for  closer  control  of  impact  positions  than  is  possible  with  air 
launches. 

The  support  e(|uipmenl  on  the  site  varies  troni  lest  to  test.  Mobile  instrumen- 
tation. conmumicalions,  etc.,  a^e  utili/ed  in  support  ol  individual  tests  as  rei|uireil. 


DATA  MANDLINC.  I'KOtT  SSINd 


All  NWC  computing  activities  are  through  one  of  10b  on-post  terminals  con- 
nected to  the  Central  (omputmg  Tacility,  Card  handling  and  keypunch  equipment 
are  available  lor  general  use. 


DATA  ST{)KA(,L  AND  RTTKIKVAL 

Data  can  be  stored  and  retrieved  for  subsequent  use  on  drums,  magnetic  tape, 
or  high-speed  disc.  Table  I1-.5  shows  the  storage  available  at  the  tacility. 


gCICK-LOOK  CAPAIfILITlI  S 

I he  quick-look  capability  of  each  terminal  depends  upon  the  type  ol  terminal 
111  use,  hut  in  general,  teleprinter  hardcopy  and  ( R1  displays  provide  this  service. 

Oscilloscopes,  oscillographs,  and  counters  provide  quick-look  data  at  many  ol 
the  individual  ranges. 


I'ROCI  SSINO 

System  and  Model 

t 

The  primary  processor  at  the  \W(  Central  Computing  Tacility  is  a Cnivac  1110 
computer  configured  as  shown  in  figure  ll-.C 


» 
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Linyuugc 

Ihe  l;ini;ij;ii;o  processors  avyihihle  tor  tlie  system  are; 

1.  lilt)  AssemNer 
lOKI  RAN  V 

3.  ( lOR 

4.  IKK)  1)01)  COBOL 

5.  ASC  II  ANS  1 COBOL 
C I’DP 

7.  CBASK 
S.  KIOR. 

Input  Output  Options 

Hie  NWC  1110  Computer  system  contains  a full  complement  of  input/output 
tlevices  includinu; 

1.  Caril  Reader 
Card  I’lmcli 

3.  Paper  Pape  Reader 

4.  Printer 

5.  Demand  lerminals. 

Realtime  Inleraelion 

Realtime  programs  are  available  to  support  specific  tests. 

DISTRIBiri  ION 

Data  turnaround  time,  if  processed  at  the  facility,  is  usually  24  hours  or  less. 
Otherwise,  the  terminals  proviile  data  on  a timc'-share  basis.  Lirge  jobs  are  processed 
by  priority. 


DISPLAYS 

Numerous  display  devices  are  available.  Typical  displays  include: 

1 . ( R IN 

2.  (('IV 

3.  Digital  counters 

4.  Oscillographs 

3.  teleprinter  hardcopy. 
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♦ 


Display  iiistnimcntation  varies  from  range- to- range  and  can  be  augmented  by 
equipment  trom  tlie  instrumentation  pool. 


REFERtNCt  DOCUMENTS 


1.  \ ti'(  ■ Aircrali  SurvivahitUx  HalHstics  Test  /'acilify.  Technical  Note  3014-048,  Naval 
Weapons  Center,  China  Lake,  CA,  June  1072. 

2.  Taalin  Cu.sinmer's  (iiiiJe  Hook  for  Instrumentation  at  Aireraft  Survivability 
Hanye.  lechmcal  Ntite  3014-05b.  Naval  Weapons  Center,  China  l.ake,  CA, 
Ma>  1073. 

3.  TIan  tor  MoJitieation  of  Aircraft  Survivability  Test  Ranye  Naval  Weapons  Center - 
( Inna  Lake,  (alifornia.  Technical  Note  5111-006,  prepared  by  Aircraft  Surviv- 
.ibilits  branch.  Naval  Weapons  Center,  China  Lake,  CA,  July  1074. 

4.  Your  (,ui.li  to  the  A U’C  Computiny  iaeilitv.  Naval  Weapons  Center,  China  Lake, 
( A,  October  |0:’3. 

5.  Sun  iiabilii  \ , Njeal  Weapons  Cen*er,  China  Lake,  CA,  April  1074. 

(\  list  of  Smul.ilion  Models,  Naval  Weapons  Center.  China  Lake,  CA. 

\ ti'C  lest  lac  limes,  Nava!  Weapons  Center,  China  Lake,  CA. 
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F'igure  M-l.  China  Lake  F'acilities  Layout. 


1.  FIRE  CONTROL  BUILDING 
2 PWR  X FMR  SUBSTATION 
3.  WATER  STORAGE 

4 FIRE  CONTROL  HANDHOLE 

5 BARRICADE  HANDHOLE 
6.  ELECTRICAL  BARRICADE 

TEST  STAND 

NORTH  POWER  HANDHOLE 
NORTH  CONTROL  HANDHOLE 


AIR  FLOW  FACILITY 
TEST  SUPPORT  SYSTEMS 
JUNCTION  BOXES  (TYPICAL) 
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lahlc  H-1.  Photo  Bruncli  Pliotographic  Support. 


Visual  Instrumentation  Cine 

X lligh-speed/pulse  cameras.  Super-X  x 50 
foot  cartridge.  Cine  - 10  I'rames/sec  to 
250  I'rames/sec  pin  registered.  I to 
20  pulses/sec. 

Milhken  DHM-4 

Ih-rnm  x 200  foot  pin  registered.  4 to 
400  I'rames/sec.  100-  and  200-foot  day- 
light spool. 

Milliken  DBM-5 

|(>-mm  X 400  foot  pin  registered.  I00-, 
200-,  and  400-  foot  daylight  spool. 

Mitchell 

Uvmm  high-speed  pin  registered.  12  to 
400  frames/sec.  400-,  1 200-,  and 

IhOO-foot  darkroom  load. 

Photo- Sonic  l(>-mm-IW 

High-speed  24  to  1000  frames/scc.  Pin 
registered  I00-,  200-,  and  400-foot  day- 
light spools. 

Photo- Sonic  16-mm-IB 

High-speed  100  frames/sec.  Rotating 

prism.  100-foot  daylight,  200-  and 
400-foot  darkroom  load. 

Pastes  Wl  -4 

If)-mm  prism  high  speed.  1000-  to 
X500-frames/scc.  I00-,  200-,  and  400-foot 
daylight  spool. 

Hedlake  llycam  Model  41 

Ih-mm  prism  120  to  1 1 .000  frames/sec. 
I00-,  200-,  and  400-foot  daylight  spool. 

Kedlake  Hycam  Model  42 

Ih-mm  prism  100  to  5000  frames/sec. 
2400  foot  darkroom  load. 

1 hell  I Research  Model  l\'  1 

.15-111111  pulse  up  to  20  pulses/sec.  400  foot 
darkroom  load. 

Mitchell  45  High-speed 

.15-111111  pin  registered  12  to  1 20  frames/ 
sec.  400  and  1000  foot  darkroom  load. 

Photo- Sonic  45-rnm-4B 

1 

.15-111111  prism  100  to  2000  frames/sec.  400 
and  1000  foot  darkroom  load. 

Kedlake  Hytax  Model  hi 

.15-111111  Ballistic  Synchro  (Streak)  .10  to 
250  ft  .'sec.  I00-,  200-  to  4()0-foot  day- 
light spools. 

llulcher  Model  105 

70-mm  seciuence  5 to  20  frames/sec. 
100  foot  daylight  spools. 

Photo- Sonic  70-mm-l0A 

1 

1 

70-mm  pin  registered  20  to  hO  frames 'sec. 
1000  foot  darkroom  load. 
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I'ahio  ll-l.  I’hoto  Hranch  Pliotof’raphie  Support.  (Coiittl.) 


Nikon  1 Single  1 ons  Rollcx 

.VS-mm  still  eamera.  Motor  drive  aiul 

maga/ine  tor  sequence  pictures  up  to 

piclures/sec. 

lenses  Irom  l()-niin  to  24  ineh 

lor  motion  picture  cameras. 

liming  lamp  Capaliility 

On  all  motion  picture  cameras. 

I able  H-2.  Signal  ( onditioning  I (iiiipment. 


1 y pe 

Use 

Quantity 

Voltage  regulated 

1,  2,  or  4 active  elements:  2 to  K)  wire 

1 0 channels  with 

resistance  hrulge 
signal  conditioner 

sv'stems;  single  or  double  shunt  cali- 
bration; excitation  arljustable  1 to  .^0  Vdc 
or  resistance  programmable. 

2 spare  units 

Current  regulated 
resistance  bridge 
signal  conditioner 

1 xcitation  adjustable  0.5  to  50  made  for 
1,  2,  or  4 element  bridges;  2 to  S wire 
systems  terminals  provitled  for  bridge 
completion,  briilge  balancing  and  cali- 
bration resistors. 

60  channels 

1 hermocoLiple 
signal 

■Adapts  to  a wiile  range  of  thermocouple 
and  other  mV  sources.  Bias  voltage  adjust- 
able '‘>.5  m\'  to  set  zero  output.  Up  to 
eight  steps  ot  voltage  insertion  calibration. 
Span  adjustable  for  selection  of  tull  scale. 

1 00  channels 

( barge 
•implilier 

Pie/oelectric  transducers 

a.  Pressure  pickups 

b.  f orce  gages 

c.  Impedance  heads. 

1 2 channels 

( arrier 
amplil'ier 

Conditioning 

ampliHer 

Linear  variable  differential  transformers 
aiul  variable  reluctance  transducers. 

Amplifies  low-level  DC  and  AC  voltages 
and  provides  impedance  matching  ;md 
solution  between  the  voltage  source  and 
subsequent  equipment. 

1 vluinncl 

( talvanometer 
amplitier 

Amplifies  signals  from  transducers  with  1 
volt  or  more  signal  and  an  impedance  of 
lOK  ohm  or  less.  Will  amplily  from  DC  to 
8 kHz.  Hie  out|iut  of  the  amplitier  is 
designed  to  ilrive  galvanometers  or  other 
recording  instruments  having  a low  driving 
resistance,  high  current  (up  to  (>5  mA) 
requirements. 

2 each 
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laWc  H-2.  Sifinal  roiulitioninp  Juiuipmcnt.  (C'ontd.) 


lypc 

Use 

Quantity 

( <al\.inoini-ti'r 
aniplilar 

i 

Amplifies  signals  from  transiliicers  with 
voltage  outputs  from  0.1  to  300  volts  with 
0,5-  to  3-inch  peak  galvanometer 
ilenection. 

2 each 

1 Kcillof-rapli 

32  ,hannel  light  beam  oscillograph  pro- 
viding realtime  data  display  and  data 
reduction  ca(iahihty.  200  IPS  naper  speed 
with  25  kll/  bandwidth. 

1 each 

1 

Oscillograph 

10  channel,  IbO  IPS,  10  kll/  bandwidth. 

1 each 

Scanner 

CIX  . 

1 unit 

Synchroni/er 

( DC  Model  102. 

i 

1 1 unit 

I.ihio  II  V (Viilral  ( ompiitini:  l acilily  Data  St()ra}:c. 


I'nivai.  1110  Mass  Storajic 


1 

Unit 

1 11-432 
drum 

1 11-17X2 
drum 

X4b0 
disc  drive 

Ampex  disc 
ilrive 

Storage  c.ij'.icilv , 
characters 

1.5  72.H64 

1 2,5X2.41  2 

52X.X10<> 

51.5.\IO^’ 

NumhiT  of  units  i 

1 

() 

1 

1 

24 

I ot.il  storage  cap.ic  itv  , 
ch.ir.icters 

‘C437.IK4 

12,5X2.412 

52X..\I0'' 

i.2.\l0‘^ 

Average  .iccesc  tune 
msec 

4.3 

1 7 

XO 

30 

I r,msler  r.ites. 

char.icters  sec 

------- 

1 ,440,000 

1 ,440,000 

500k.  .ivg 

4 1 0,604 

Majitu'lic  Ia|H'  Sloratic 


Unit 

Uniservo  lo 
track 

Univservo  lo 
4 track 

Number  ol  units 

13 

1 

Density,  ItPl 

200/550, XOO 

XOO.  1 OOt) 

1 ape  speed,  m 'sec 

120 

120 

Interblock  gap,  m. 

0.75 

0.0 

Ir.msier  rate,  tr.imes/sec 

40  k 
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ANN  LX  I - INTRODUC  TION 


OVl  RVII  W 

Ihc  \1(()\  (Aluminum  (ompaiiy  ot  America)  has  recently  openeci  the  ALCOA 
leehmeal  ( enter  iust  outside  ol  New  Kensington,  PA.  Hie  primary  mission  of  the 
AlCOA  'Leehmeal  Center  is  to  eonduet  advanced  research  on  aluminum  based 
materials.  As  part  ol  this  mission,  Al.COA  conducts  research  on  diri'erent  projectiles 
against  various  aluminum  armor  plates.  Llie  ballistic  test  t'acility  is  currently  per- 
rorniing  tests  under  contract  tor  the  Department  of  the  Army,  uiuler  Contract  No. 
()A.^(v0d4-(  )Ki  )-.(4 1 .LA.  Llie  contracting  olTicc  is  the  I ranklord  Arsenal,  NJ. 

The  ballistic  and  ordnance  test  ell'orts  are  conducted  under  the  I ngineering 
Design  Division  ol  ALCOA  l.aboratories  locatcvl  at  the  ALCOA  reehiiical  Center. 
Hie  primary  point  of  conlact  is  Mr.  William  .1.  Dewalt  ol  the  1 ngineering  Design 
Division  ( enter.  4 1 2-.L^‘)-(iO.S  |,  ext.  2()d7.  All  ballistic  testing  tor  Al.COA  is  con- 
ilucted  in  the  Al  ( ()A  Ballistic  Li  ring  Range  on  Pennsylvania  Highway  780,  3 miles 
trom  the  AICOA  Lechnical  Center  and  6 miles  from  New  Kensington.  PA.  The  test 
t'acility  is  located  m the  middle  ol  an  8‘>-aere  open  t'ieki  al  the  bottom  ot  a swale. 


(il  NLRIC  AIRt  RAI  I .SY.STI  MS  (SUIiSYSTLMS)  TtSTLD 

Llie  A1(  ().A  B.illistic  hiring  Range  tests  primarily  aluminum  armor  plate  targets 
at  various  angles  of  obliiiuity  simulating  primarily  aluminum  armor  for  pilot’s  seats 
,ind  other  areas  re(|uiring  protection.  No  lull-scale  aircraft  structural  testing  can  be 
conducted  in  this  facility. 


Sl'RV  IVABILITY  VULNI  R ABILITY  I ACILLLIl  S OVLRVItW 

Lhere  is  only  one  iiiiloor  ballistic  test  facility  localeil  at  the  ALCOA  Lechnical 
Center.  Lliis  f.icihty  is  4,'t  feet  in  length  of  which  30  feet  can  be  used  for  ballistic 
testing.  Paper  break  velocity  meters  are  used  along  the  middle  third  of  the  ballistic 
I>ath.  The  target  area  is  located  insiile  an  aluminum  armor  plate  reinforced  room. 
I he  facility  can  handle  weapon  si/es  from  5.5(i'nini  up  to  and  including  20-nini  API 
(armor  piercing  incendiary)  as  well  as  high  velocity  ARI  (armor  piercing  tracer) 
aniniunition. 


AC  Cl  SS 

Primary  access  to  (he  AICOA  Lechnical  Center  Ballistic  hiring  Range  is  via 
I'.S.  Highway  22  to  Pennsylvania  Highway  28(i,  then  to  Pennsylvania  Highway  380 
and  rmally  to  Pennsylvania  Highway  780.  Lhe  facility  is  located  approximately 
8 miles  northwest  ol  the  intersection  ol  Pennsylvania  Highway  380  and  Pennsylvania 
Higliway  780.  Railroad  yarils  in  New  Kensington  have  been  used  by  the  Range  to 
haiulle  specimens  arriving  by  rail.  All  airline  trafl'ie  comes  Ihrougli  the  (Ireater 
I’ittsburgli  International  Airport  some  4.S  miles  west  ol  the  range. 
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MAINTENANCE/FABRICATION  CAPABILITY 

riu’  maintenance  atul  fabrication  capabilities  at  the  ALCOA  Technical  Center 
are  extensive  as  woiiUl  be  expecteil  for  any  major  manufacturer’s  research  facility. 
t)ne  time  items,  as  well  as  items  normally  fabricateil  by  the  company  can  be 
haiulleci,  particularly  aluminum  armor  plate.  A projectile  loatliii}’  facility  is  available 
at  the  Al.COA  Ballistic  l iring  Range.  The  loading  area  can  be  used  also  as  a 
security  vault  m case  of  classified  weapon  usage. 

LCK.ISTICAL  SUPPORT  CAPABILITY 

The  primary  logistics  support  is  obtained  through  Al.COA,  Military  armament  is 
obtained  through  the  Irankford  Arsenal  contractor’s  representative.  An  ordnance 
bunker  is  available  some  .SO  feet  away  from  the  ballistic  range. 


INDOOR  FACILITIES 


\L(()\  BM  LISnC  I IRINC.  RANGE 

Dimensions 

I he  r.inge  is  housed  in  a buikling  which  is  4.1  feet  long  and  20  feet  wide.  Hie 
range  i>  ell  is  some  40  feet  long.  H feet  wide  and  H feet  high.  Lhe  ballistic  range  is 
divideil  into  t\vo  rooms,  the  launcher  room  anil  the  target  arena.  Lhe  target  arena  is 
eiK.ised  III  tiM)  .1/4-111111  .SOX.1  aluminum  plates, 

VSeapons  Projectiles  Available 

\ arious  calibers  of  launchers,  ritled  barrels  fro  n S.Stvmm  up  to  and  including 
20-mm  I nmehers,  are  available  at  the  facilit>.  S.Sb  i ill,  7.02  ball,  .’10  caliber  armor 
piercing  and  ball  ammunition  can  be  fired  m this  ,acihty  as  well  as  ..SO  caliber 
armor  piercing  .md  fragment  simulation  rounds.  l4.S-m,n  armor  piercing  (B-.12)  and 
API  (BS-41)  along  with  20-mm  fragment  simulation  .1110  .MM  can  be  accommodated 
at  this  r.inge. 

I nviromiieiil 

No  environmental  simulation  can  be  accomplished  in  this  facility. 

Live,' Inert  Eire 

Both  API  and  API  ammunition  for  14.S-mni  and  20-mm  can  be  fired  in  this 
facility. 
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iwfety  (aiul  Security)  R«iiiircnients 

Central  control  coordinates  all  s;ilety  related  lunctitrns.  Doors  and  interlockinfi 
switches  prevent  t'irinj!  with  the  doors  open.  No  personnel  arc  allowed  to  observe 
the  I'iriiids  at  any  time. 

Classified  material  aiul  eiiiiipment  can  be  accommodated  by  the  facility.  The 
loading  room  can  act  as  a classified  storage  container. 

Power  Availability 

Only  110  aiul  220  VAC  power  are  currently  available  at  this  facility.  28  VDC 
type  current  could  readily  be  made  available. 

Ohservalion/Comiminication 

No  realtime  observation  capability  is  currently  available  at  this  facility. 

In-Flight  Ballistic  Instrii mentation 

LASI  R PIIO KKiRAPIIV.  Only  post-flight  photography  of  the  target  is  available 
at  this  facility. 

riMlNO.  Two  Beckman  Berkley  .Model  72b0U  timers  are  used  in  conjunction 
with  two  pairs  of  paper  break  velocity  meters.  The  velocity  meters  are  spaced  at 
10  feet  intervals  starting  at  approximately  .1  feet  from  the  launch  imifller  exit. 

T1  LI  Ml  IKY.  No  hardwire  instrumentation  or  telemetry  is  available  within  this 
facility. 

Temiinal  Balli^i^  IjisUiimcntation 

Only  post-flight  .1.5-mm  still  photography  is  currently  at  this  range. 

Fnviromncntal  Simulation  and  Measurement 

No  environmental  simulation  or  measurement  capability  exists  in  this  facility. 
Planned  Expansion /Modification 


No  expansirm  or  nuxlification  is  known  to  be  planned  at  this  time. 


OUTDOOR  FACILITIES 


There  are  no  outdoor  facilities  currently  at  the  ALCOA  rechnical  Center. 


r 
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DATA  HANDLING  PKOCLSSING 


DATA  STOUAtih  AND  RITKILVAL 

llic  ballistic  test  range  data  can  currently  be  sloreil  on  eitlier  a 1)1  ('  systein-10 
or  one  of  two  370,15b  IBM  computers.  Access  to  tlie  370/ 15H  computers  can  be 
aecomnuuiateti  by  a Data  100  terminal  located  in  the  I agineering  Building  at  the 
AKOA  lecimical  (enter.  No  classitleil  data  is  stored  in  the  computers. 


(^UK  K-LOOk  C AFABIin  iLS 

Inspection  of  velocity  information  and  the  armor  target  plate  can  be  accom- 
plished immediately  after  tlie  firing.  The  computer  turnaround  time  for  ballistic 
limits  and  the  strain  rate  coefficients  is  normally  less  than  one  day. 


PROCT  SSIN(, 
System  and  Model 


I he  Al.C'OA  l ecimical  Center  currently  uses  the  Dl  C'  sysvem-10  along  with  two 
IBM  370/158  computers.  One  of  the  370/158  computers  is  located  at  the  Technical 
Center  while  another  is  located  at  the  Al.COA  Corporate  I leadipiarters  in  downtown 
Ihttsburgh.  /' nproximately  750  K core  is  available  for  user  programs  on  the  IBM 
370/158  of  the  ALCOA  Technical  Center. 

Lamgiiage 


F he  following  languages  are  used  at  the  ALCOA  Lecimical  Center:  LOR  I RAN, 
(OBOL,  BASK  . 

Input /Oiilpul  Options 

Input  and  output  is  normally  handled  through  the  Data  100  terminal,  (’omputer 
generated  reports  are:  ( 1 ) the  listing  report  of  the  ALCOA  hiring  Range  (RALK) 

anil  (2la  summary  report  for  the  AL.COA  hiring  Range  (RAh'RI).  Various  computer 
programs  arc  available  to  analy/e  the  ballistic  data.  One  such  program  (RCORBLTS) 
retrieves  the  necesviry  information  from  the  stored  data  to  be  used  as  input  to 
other  programs.  Lhe  output  from  R(()RBLIS  is  then  fed  into  the  AL.COA  Re- 
gression program,  which  will  statistically  analyze  the  data.  Another  program  (KBLC) 
takes  as  input  the  output  from  RCOKBLLS  and  the  regression  coefficients  and 

exponents  from  ALCOA  Regression  or  from  a similar  statistical  regression  analysis; 
compares  calculated  and  actual  ballistic  limits;  and  obtains  the  mean  and  standard 

deviation  of  the  differences  between  the  calculated  and  actual  ballistic  limits.  The 
calculated  ballistic  limit  is  obtained  by  using  the  standard  strain  rate  coefficient 

equation  whose  coefficients  and  exponents  are  the  regression  coefficients  and  ex- 
ponents referred  to  previously. 
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Realtime;  Inleract  ion 

riiere  is  realtime  aiul  interacting  capability  at  this  facility. 

DISTRIBUTION 

All  information  . at  this  facility  can  be  proviileil  within  a 24-hour  period  with 
up  to  60  firings  being  able  to  be  accomplished  per  day. 

DISPLAYS 

The  primary  display  for  the  ALCOA  Ballistic  I'iring  Range  is  the  Data  100 
terminal  located  at  the  I'ngineering  Building  in  t!ie  ALCOA  Technical  Center. 


f 
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ANNEX  J - INTRODUCTION 


OVERVIEW 


riic  BMC  (Bdl  Ildicoptcr  Conipany)  of  I-ort  Worth,  TX,  is  the  lartiest  division 
of  I'extron.  Inc.  I'lie  Greater  E'ort  Worth  operations  utilize  more  than  2,200,000  tt- 
ot  enclosed  sjiace  on  more  than  BOO  acres  of  land  and  employs  approximately  9000 
emiiloyccs. 

Bdl  has  produced  more  than  20,000  helicopters  for  its  military  and  commercial 
customers.  Current  production  commercial  helicopters  range  from  the  five-place, 
turbine-powered  model  206  to  the  12-  to  15-place  turbine  Model  205  and  the  twin- 
turbine  Model  2 1 2.  Under  development  for  1975  delivery  are  the  seven-place 
Moild  2061.  ami  the  Moilel214B  “Big  Lifter.” 

Military  helicopters  currently  produced  by  Bell  include  the  01I-5X  light  obser- 
vation helicopter,  the  UH-1  Series  in  both  single*-  and  twin-engine  versions,  the  214A 
advanced  utility  helicopter,  the  single  engine  AM-IG  and  the  twin-engine  AH-IJ  Sea- 
(obra.  Bell  is  also  a finalist  in  the  competition  to  develop  an  A AH  (advanced 
attack  helicopter)  for  the  U.S.  Army.  Bell’s  entry  has  been  designated  the  YAH-63. 

I Bdl  is  designing  and  manufacturing  two  tilt-rotor  research  aircraft,  designated 

XV-15,  under  contract  to  NASA.  This  craft  will  be  used  to  assess  the  applications 
ol  tilt-rotor  technology  to  civil  and  military  needs.  The  primary  contact  for  this 
facility  is  Mr.  J.  E.  Joggers,  telephone  8 1 7-280- .3629. 


GENERIC  AIRCRAET  SYSTEMS  (SUBSYSTEMS)  TESTED 

Bell’s  current  test  efforts  are  directed  toward  rotary-wing  aircraft  systems  and 
subsystems.  Ballistic  vulnerability  tests  are  being  conducted  on  both  sint^lar-  and 
multi-vulnerable  components. 

Helicopter  subsystems  currently  undergoing  tests  include: 

1.  Main  rotor  blades 

2.  Main  rotor  retention  system 
.3.  bail  boom  and  fittings 

4.  Control  system 

5.  Hydraulic  cylinders 

6.  Euel  cells 

7.  Weapon  system  and  ammo  bay 

8.  Armor. 
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I'' I 

I 

^ Sl'KVIV AIMLITY  VliLNI  R AIMU TY  rACILITH  S OVl  RVIf  W 

rile  Hell  lielieopler  (iieility  li;is  one  ituloor  and  tw(>  outdoor  ballistic  test 
ranees.  I he  indoor  ranee,  called  the  Mallistie  Vulnerability  l aboratory,  is  located  in 
the  new  I niuneerine  lest  Buildine  at  the  main  Hell  I’lant,  One  outrloor  raiiiie  is 

located  at  the  Hell  I’lant  (I’lant  (>)  adjacent  to  the  Arlington  Municipal  Airport.  An 
additional  remote  outdoor  lacility  is  available  tor  111  (high  explosive)  testing  Irom 

Jet  Research.  Incorporated,  under  contract  to  HIK  . 

I he  Hell  outilooi  range  also  serves  as  a production  tiring  range  for  testing 
attack  heticopter  turreted  weapons.  I'lie  facility  is  ecjuippeil  to  coiuluct  and  record 
the  results  ol  both  static  and  dynamic  ballistic  vulnerability  tests. 

rile  new  indoor  range  became  operational  in  January  1 ‘ITd.  It  consists  of  a 
remotely  operated  gun  range  and  atljoining  control  room. 

ACd.S.S 

rile  m.iin  Hell  I’lant  is  located  on  Highway  I8.J  in  Hurst,  I X.  llie  outiloor 

range  (I’lant  b)  can  be  reached  via  Mcknight  Road  to  ArijiiiMon  .Airport. 

' Air  IrimsporUilion  is  provided  by-  l>oII)  a heliport  at  the  main  plant  and 

Arlington  Municipal  Airport  ( 2.‘'(){klbot  runway)  near  I’lant  6. 

■A  spur  •of  the  Chicago.  Rock  Islaml  and  I’acitic  Railroad  is  available  at  the 
m.iiii  plant. 

M AIM  I \ A\(  r r AHRIC  ATION  CAPAHILITY 

I he  ballistic  test  facilities  have  use  ol  the  complete  Hell  plant  aiul  laboratory 
manulai.tiiring  and  machining  capability.  Liboratory  eijuipnient  includes  welding 
apparatus  (,irc  aiul  submergeil-arc ),  metal  saws,  hydraulic  ec|uipnient,  .md  vibration 
tacilities.  I’lant  lacihties  include  machining  jigs,  lixtures,  and  hardware,  joining 
appanitus,  and  associated  handling  equipment. 

l-Ot.lSIK  AL  SIJI’I’OKI  t APAHIl  ITY 

t 

I he  main  plant  can  store  ordnance  up  to  Class  C.  I his  incluiies  ball  rounds  to 
,.‘i()  uiliber  and  armor  piercing  rounds.  Ill  rounds  are  ofl-loadeil  aiul  fired  under 
, contract  to  Hell  by  Jet  Research  ol  .Arlington,  I X.  Jet  Research  also  stores  HI  and 

HI  I explosive  ordnance  which  is  sent  to  Hell  when  requireil.  Two  .JO-inch  and  one 
• 4X-inch  storage  cabinets  are  available  in  the  control  room. 
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INDOOR  I AC  ILITILS 

HAILISIK  VllM  RAimnV  1 MIORAIORY 
Dinu'iisions 


Ilk'  iikloor  H.illistK  ViihuTuliility  Liboralory  sliown  in  I'igurcJ-l  a>nsists  o!'  a 
tlnns!  luntk'l  I (>-  by  with  an  atUu:lK'il  c<intn)l  'fooin  that  measure 

approximately  1.^-  by  2K-teet.  I ireil_  jiiund-s' are  eaptureil  in  a lO-foot-cieep  sand 
bunker.  I irinj;  distance  15 _a*litrsrab'Ie  to  25-l'eet  maximum. 

VVetrpons/ I’n  > jec  t i les  A va  i la  I ) le 

I he  ballistic  \'ulnerabiht\  Liboratory  has  the  followinj:  barrels  available  for 
proiectile  lirint:; 

1.  One  2.Vnini  staiulanl-twist  1 arrel 

2.  One  2-^-inm  hmh-twist  barrel 

Iwo  .50  caliber  barrels,  one  smooth-bore,  one  rilled  barrel 

4.  Iwo  7.P2-inm  rilled  barrel 

5.  One  20-inni  rilled  barrel 

0.  One  .40  caliber  smooth-bore  barrel. 

Ihe  Ballistic  Vulnerability  l.;iboratt)ry  can  currently  fire  7.62-,  12.7-,  20-,  and 
2.1-nim  projectiles  ol  all  varieties  except  111’,  borty  caliber  2.1-mm  III  I I'ragment 
simulators  can  also  be  tired.  Hie  7.62-  and  12.7-inm  projectiles  may  be  tired  both 
ahjmed  and  lully  tumbleii.  A tipinnj’  plate  is  used  to  tumble  7.62-mm  projectiles; 
12.7-mm  iirojectiles  are  tumbled  by  lirine  through  a smooth-bore  barrel.  .All  pro- 
lectiles  except  III  rounds  are  off-loaded  by  Bell  personnel  to  control  initial 
jirojectile  velocities. 

l-nvironincnt 


Ihe  indoor  facility  cannot  simulate  nonambient  environmental  conditions,  but 
can  i)rovide  static  loads  to  100,000  pounds  and  dynamic  loads  to  ± 1 7,000  pounds  to 
the  test  specimen. 

Live  Inert  Lire 


No  Ml  , III  I,  or  tlammahles  can  be  tested  in  the  indoor  facility. 

Safety  (anil  .Security)  Re(|uirenients 

Special  tail-safe  locking  devices  and  procedural  precautions  are  emivloyed  to  en- 
sure the  vilety  ol  all  test  personnel.  I'ired  rounds  are  cajitured  in  the  1 0-foot-dee|i 
sand  bunker.  Warning  lights  also  notify  personnel  in  the  area  that  gunfire  testing  is 
in  progress.  In  addition,  the  complete  facility  is  in  a secure  area. 
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I ho  rinno  ran>:o  is  oqmppoi.1  with  a water  liro-oxt iiiguishint!  system  haviiip  a flow 
eapabilits  m exeess  ol  1 200  eal.'min  aiul  a 1500ll-\'min  airflow  system  to  remove 
eim  pa  vs. 

Power  A\ailal)ility 


I he  raiipe  eoiitaiiis  two  lines  of  440  VA(  ami  lour  lines  of  MOV.  I 1 5A 
eleetrieal  power.  Il>’ilraulic  flow  ol  .^0  pal/min  al  3000  Ib/in-  is  also  available. 

Ohvi  valioii  'C'ommuiiiealion 

A 1.5-  by  l.5-lool  ballislie  plass  viewinp  wiiulow  (l  ipureJ-1)  is  available  to 
monitor  tests.  Ibis  wiiulow  is  useil  onlv  if  rcijidrcJ.  A telephone  is  located  in  the 
l.iboratorx  control  room. 

In-lliuht  Hallistie  InsjirimuMil^ioji 

I \SI  K 1*1  K ) I ( )( I K API  h . Inilial  projeclile  velocities  are  recorded  usinu  a 

lJ-S(|uare  Mamilacturinp  Co.,  chronograph  (500  to  4000 1't/sec,  i27i):  residual 

velocities  are  calculated  usinp  a Celotex  Irapment  capturinp  system  or  hiph-speed 
photopraphy.  Motion  picture  capabilities  ranpe  I'rom  24- to  1 0,000-t'rames/sec.  The 
Hell  I’hotopraphy  Liboratory  proviiles  black  and  white  and  color  still  ilocumentary 
photopra|ili\ . ‘rurnaround  (itiie  for  pho(oprapl?>  is  usiuiiy  24  to  4X  hours. 

J_MUN3.u  A master  seiiuencinp  console  with  six  switchinp  circuits  is  being  con- 
structed lor  use  in  the  Hallistie  Vulnerability  Inborator>.  This  will  provide  selectable 
seiiuencinp  intervals  lor  camera  start,  counter  start,  weapon  arm,  camera  stop, 

counter  stop.  etc. 

Pulse  penerators  are  also  available  to  proviile  lilin  timing.  liming  lights  are 

driven  to  10,  100.  or  1 000  pulses/sec  to  imprint  timing  tnark  directly  on  the  motion 
picture  film. 

I I I I M I 1 KV.  An  IS-channel  hardwired  telemetry  cable  is  presently  available  in 
the  instrumentation  conduit.  The  majority  of  the  inputs  are  gun  functions  and  ter- 
minal ballistic  ilala. 

(JllljJ^.  rile  instrumentation  facilities  available  at  the  Hell  plant  can  accom- 

moilatc  many  ilata  aci|uisilion  rei|uirements.  Instrumentation  systems  are  setup  and 
tailoreil  to  specific  test  reijuiremenls.  In  most  cases,  only  a simple  build-up  or 

modification  of  existing  instrumentation  will  be  sufHcient.  Unique  capabilities,  cable 
buildups,  and  transducer  installal ions  can  also  be  accommodated. 

lermiiuil  Hallistie^  Inslriiiiienlation 

I ASI  K PI  K ) I ()( iK APHV.  Photographic  instrumentation  consists  of; 

1.  I astex  higli-speed  cameras  to  1000  Irames/sec 

2.  Hycam  higli-speed  cameras  to  11,000  frames/sec 

3.  frame  s|ditler  lor  llycam  cameras 

4.  Various  slow  speed  cameras  ol  24  to  2S  frames/sec 
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I IM1.\( I.  uiTii'nitors  ;ivjil;ih)(.-  to  j^roviile  tiininj;,  Timiii};  lij>lits  ;ire 

driven  ;it  10. 000  anil  1000  pulses/sec  anti  imprint  timin}>  marks  directly  on  the  liltn. 

I I [ IMl  I R't’.  I he  hardwired  telemetry  cable  connects  transducers  on  the  test 
specimen  to  the  Data  Aciiuisition  Station.  I'ypical  parameters  include: 

1.  Pressures  to  10.000  Ih/in- 

2.  Loads  to  100.000  pounds 
Shock  to  5000  pounds 

4.  Temperatures  from  -250° I-  to  excess  ol  2000° L 

5.  Mow  rates  to  bO  gal/min  (Hydraulic), 
on  H R.  (ither  instrumentation  includes: 


B-.Square  Manul'acturing  Co.  500  to  4000  ft/sec 


Chronotiraphs: 

1 -screen  penetration 
reco'"d 

l-litilit  interrupting 
record 

Optical  Micrometer 

L.ddy  Current  Crack 
lollower 

Magnelline  1 xamination 
/iejtlo  L.xamination 


,500X  Magnifier 
MTS.  Minneapolis,  MT 


0.005  inch  increments 

0.001  inch  increments 
0.001  inch  increments 


Liivironniental  Simulation  and  Measurement 

StaMc  loads  to  100,000  pounds  and  dynamic  loads  to  ± 1 7,000  pounds  can  be 
applied  to  the  test  specimen. 

( 

\ PlannctI  Expansion/Mod ificat ion 

‘ f 

A control  console  containing  counters,  code  generators,  digital  readouts, 
switching  circuits,  ami  fire  control  panel  is  being  installed  in  the  control  room. 

Bell  is  also  awaiting  delivery  ol  a 14.5-mm  barrel  to  use  with  CFI:  14.5-mm 
umnumition. 
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OUTDOOR  FACILITItS 


lU  LL  OUTDOOR  RANCit 
DimeiiNions 


1 he  Bell  outiloor  r;in^e  consists  of  a liring  staiul  aiul  tariiet  butt.  Projectiles  are 
lireil  Irom  an  open  air  location  into  a concrete  tunnel  approximately  30  feet  deep. 
Maximum  I'irini:  range  is  20  feet. 

NVeapons  Projoctiles  Available 

All  weapons  available  in  the  Bell  Vulnerability  Laboratory  can  be  fired  on  the 
outdoor  range.  In  addition,  fiammable  targets  can  be  ballistically  tested.  The 
weapons  can  cither  be  rigidly  mounted  on  a concrete  firing  pad  or  fired  from 
aircralt  positioned  on  the  range.  Production  firing  of  attack  helicopter  turreted 
weapons  is  performed  on  the  outdoor  range.  HI.  and  IIL.I  rounds  cannot  be  tested 
on  this  range. 

Lnvironmeiit 

I he  facility  is  eciuipped  to  conduct  both  static  and  dynamic  loading  of  test 
spcejmen. 

Live  Inert  Lire 

I he  outdoor  range  can  accommodate  tests  w ith  inert  ordnance,  fuel,  and 
tlammahles.  Tests  involving  firing  into  fuel  cells  are  performed  on  this  range. 

Safety  (and  Security  > Requirements 

I he  entire  outdoor  range  is  located  in  a secure  area.  A concrete  barricade 
i provides  a safe  location  for  test  personnel  to  remotely  fire  the  gun  and  witness  the 

I tests.  Additional  safely  e()uipment  includes  a llashing  light  indicating  a test  in 

= progress  aiul  a signal  horn  to  warn  of  an  iniiumding  test  firing. 

Rounds  are  captureil  by  a steel  plate  positioned  at  a 45-degree-angle  and  a 
higli-llow  water  spray  and  capture  tank. 

Power  Availability 

I 

I lectrical  power  (110  VAC  and  440  VA(')  is  available  for  instrumentation  and 
control.  Portable  generators  and  hydraulic  carts  are  also  used  to  provide  static  and 
dynamic  loading. 

Observalion/Commiinication 


Visual  observation  of  tests  is  possible  using  barricades  located  at  a s;ife  distance 
behind  the  gun  stand. 


156 


JTCG/AS-76-D-001 


ln-Fli>-lil  Bitllislic  Instrumentation 

L.ASI  R I’HOTOCtRAFUY.  Photo  data  is  obtained  from  high-speed  cameras 
(bastex  and  llycami.  Photography  is  also  used  extensively  to  monitor  projectile 
night  characteristics. 

riMlNC:.  Time  reference  is  provided  by  pulse  generators.  Time-seciuencing  can 
also  be  provided  by  preset  counters.  Other  timing  references  are  available  as  required 
from  plant  laboratory  facilities. 

T1  1.1  Ml  TRY.  The  majority  of  the  instrumentation  is  for  terminal  ballistic  data. 
Terminal  Ballistic  Instrumentation 


LASf  R/PIlOKXiRAPlIY.  High-speed  to  11,000  frames/sec  Fastex  and  Hycam 
cameras  and  low-speed  ( 24  frames/sec)  cameras  are  used  extensively  to  gather  data 
and  document  tests. 

^ I IMlNCi.  Time  reference  is  provided  by  pulse  generators  and  preset  counters. 

Other  timing  references  are  available  from  plant  laboratory  facilities. 

11  1 1 Ml  1 R'l  ■ Standard  laboratory  transducers  are  available  for; 

1.  Pressures  to  10,000  Ib/in- 

2.  Shock  to  5000  pounds 

4.  loads  to  100,000  pounds 

4.  I'emperature  from  -250° F to  in  excess  ol  2000° F, 

Ihe  instrumentation  used  at  this  facility  is  usvially  configured  to  support 
specific  data  requirements. 

Fnvironmental  Simulation  and  Measurement 

Static  loads  to  100,000  pounds  and  dynamic  loads  to  ±17,000  pounds  can  be 
^ provided  to  the  test  specimen. 

Planned  Fxpansion/Modification 

Ihe  proposed  acquisition  of  a 14.55-mm  gun  will  provide  additional  capability 
to  the  outdoor  range.  Increased  firing  of  fragments  is  also  planned.  A continued 
study  of  training  metlnids  and  ballistic  testing  techniques  is  underway. 

RFMOIF  TLST  FACILITY 

A small  uninstrumented  open-air  pit  is  available  for  IIF  and  fuel  cell  testing 
from  Jet  Research,  Inc.,  under  contract  to  Bell.  Permanent  facilities  are  to  be  con- 
• strutted  m the  near  future  to  accommcKlate  HIT  testing  of  components  and  sub- 

systems. Maximum  firing  range  from  weapon  to  fuel  cell  is  approximately  100  yards. 
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TI  MK)K\RY  ThST  FACILITY 

1 lio  Roll  Bullistic  Liboralory  can  temporarily  locate  firing  mechanisms  to  satisfy 
specific  reipiirements.  As  an  example,  projectiles  have  been  fired  into  a transmission 
cell  to  study  the  vulnerability  of  the  transmission  system  under  t(m|ue  and  load. 
The  wi-apon  was  teniiiorarily  placed  on  the  roof  of  the  cell  and  fired  dow-nward 
into  the  transmissir)n.  Such  installations  are  temporary  and  are  designed  as  needed. 


DATA  HANDLING/PROCtSSING 


DATA  STORA(;t  AND  RETRIEVAL 

Ballistic  vulnerability  data  is  stored  on  film,  magnetic  tape,  and  oscillograph 
hardcopy.  Photographic  records  of  each  test  are  kept  and  filed  by  test  number.  The 
outdoor  range  can  provide  transformation  and  analysis  of  data  using  the  Plant  6 
Data  Center  if  reijuired 


QUICK-LOOK  CAPABILITIES 

Oscillograph  hardcopy,  digital  counters,  and  oscilloscopes  provide  cjuick-look  elata 
for  most  ballistic  vulnerability  tests.  Photographie  data  (Polaroid)  is  also  obtained 
when  ret) Hired. 


PROC  ESSINC; 

The  Laboratory  Data  Center  has  a digital  data  system  containing  a Texas 
Instruments  Model  ‘)60A  mini-computer.  Remex  Casetle  ta|ie  recorder  and  associated 
signal  conditioning  e()uipment.  riiis  system  is  not  presently  utili/ed  for  ballistic 
vulnerability  tlata  reduction. 


DISTRIBUTION 

Photogra|ihy  turnaround  time  is  usually  24  hours,  l-ormattetl  data  usually  re- 
quires 24  to  4H  hours.  Most  vulnerability  data  is  manually  processetl  from  photo- 
gra|ihs  and  oscillogra|ih  hartlcopy. 


DISPLAYS 

()scillosco|U's,  digital  counter  aiul  oscillographs  |irovide  data  display. 
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Figure  J-1.  BUC  Indoor  Ballistics  Laboratory. 
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ANN  I X K - I.M  KOIHK  TION 


()\  1 K\  II  U 


( iCiKT.il  DyiKimii-’s  Coiniiit  Acrosp;ii.c  Division  luis  tliivv  m;ijoi  phiiits  (oiiv  Air 
l oKv  1‘kmt ) .iiul  lour  spoci;ili/vil  U-sl  sites  in  tlie  Sun  l)ie;uo  ;ire;i.  I liesc  lueilities 
vi'ver  more  th.m  lO.OOO  .teres,  \villi  (\  I million-si|u.iie‘-leet  uiuler  root.  ;iikI  einpkn 
;i|ipro\im.itel\  HOOO  personnel. 

I lie  ( onv.iir  Aerosp.iee  Division  is  iiKiinituet urine  tlie  DC-IO  luselaee.  Spuee 
Sliutlle  miJ-tuseluee.  Atlas  .ind  Centaur  booster  rockets,  and  tlie  NASA  Space  I ue 
(moilit'ieil  ( ent.iurl. 

Mie  division  has  established  a ccntrali/cd  area  lor  composition  material  activities 
in  the  Ke.irnv  Mes.i  I’l.mt.  Hie  Convair  Aerospace  ballistic  Test  I acility.  shown  in 
lieurek-l.  is  located  m the  Ke.irny  Plant  and  is  used  to  ilevelop  and  evaluate 
hehtwcieht  armor  m.iterials  and  to  stuily  the  behavior  of  materials  and  structures 

when  subiecteil  to  yunlire  datnaee  under  Service  coiulition. 

( oinair  has  extensive  aiul  w ell-eiiuipped  metallurgical,  plastics,  heat  treatment, 
metal  processine.  mechanical  property  testine  aiul  metalloitraphic  laboratories  ca[iable 
ot  sup(iortiML’  armor  .md  structiir.il  materials  evaluation,  development  and  research 
programs.  Hie  priniarv  contact  lor  this  facility  is  Mr.  Mel  Canipbe!!.  tele- 

phone 7I4-:77-X<)()0. 

(.INI  KK  AIIU  KM  I SVSTLMS  ISIIHSYST  LMSi  TE  STU) 

(onviar  h.is  conducted  studies  correlatme  ballistic  liamaiie  characteristics  of 
structural  .ind  armor  materials  with  their  fracture  mechanics  properties,  streneth  and 
micro-structure. 

I he  b.ilhstic  lest  facility  has  supported  Convair  .Aerospace  stiuiies  of  ballistic 
effects  on  m.iterials.  involvini!  both  structural  and  armor  ni.iteri.ils.  Materials  studied 
111.  hide  .ilutniniim,  titanium  and  steel  alloys,  titanium  honeycombs,  llber-reinforced 
composites,  and  structural  armors,  bolt-on  inteeral,  and  semi-inteiiral  armor  has  also 
been  evalii.ited. 


SI  KVIV  \lfll  IIY  VI  LNI  ICAbll  lEY  E ACH  III  S OVI  KVII  W 

I lu-  ballistic  lest  facility  is  within  a reinforced  concrete  walled  area,  located 
within  w.ilkme  distance  ot  other  laboratory  areas  used  by  operatine  personnel.  All 
proiec  tiles  are  l.iunched  into  a fire  control  tube  that  contains  a blast  suppressor  and 
velocilv  timinu  ports. 

I he  forced-air  ventilated  t.ireel  bos  may  be  cut  and  reassembleil  to  straildle  the 
l.ireer  t.ireet  specimens.  All  iiistriimentation  and  controls  are  located  in  an  esternal 
control  room  Irom  which  the  tests  are  conducted. 
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Ilk’  l.k'ilitv,  lo(.;iti'd  in  Ilk'  S:m  Dk't'o  Ikis  ikkcss  to  nil  modi.'s  ol  lr;ms- 

IH'it.ilion.  iikludinu  ,m  on-plant  railroad  spur. 


MAIM  I N ANt  l./l  MiKK  AIION  tAI'AIMI  NY 

Ilk-  Kk-arn\  Plant  has  compk-tc  machiik-  shops  lor  lahricatinp  tost  spooinions 
and  t'lsturos  in  addition  to  prodiiotion  slio(i  laoilitios  oapablo  of  I'ahrioat inp  oomplolo 
spaoo  \ohklos.  \vailablo.  loo,  is  tlio  oipiipniont  nooossary  to  inachino,  |oin  ainl  finish 
spos  imons.  inoliklinj:  lull-soalo  struoturos,  ooniposoil  of  I ho  most  ativanood  aorospaoo 
ni.itori.ils. 


L()(,IStl(M  Slil’l*()RI  ( M'AimilY 

I \tonsi\o  shop,  siorapo,  and  laboratory  support  laoilitios  aro  availablo  in  tho 
( oin.iii  S,m  Dioiro  I aoihlios. 

( .irtrubao  lo.idiiii:  laoilitios  lor  standard  rounds  up  to  and  inoluding  .50  oahbor 
,iro  .isail.iblo.  Slorapo  is  availablo  for  .22-.  ..^0-,  and  .50-oalibor.  X-mm  Al’,  14.5-min. 
and  20-mm  b.ill,  Al’,  Al’l,  Al’ll,  .md  III  animunition. 


INDOOR  I Adi  I m s 


H M 1 iSI  l(  1 1 SI  I \(  II  1 1 Y 
I )iiiioiisions 

Ilk-  Ikillistio  lost  l.kility  consists  ol  a iUiii  mount,  a 50-loot  onclosod  flipht- 

path.  .ind  an  oiklosod  0 by  b by  14-tooi  tarpot  aioa.  I'lio  t.irpot  box  is  m.klo  ot 

I 2-iikh  stool  pl.itos  Imod  with  plywood  aikl  sandbags,  and  is  baokod  up  b\  a 

45-doproo  rophkoablo  stool  plato  backstop.  I ho  box  is  fittod  with  a 5-foot  door  and 
.1  romosablo  to|i  for  aoooss  to  tho  targot  aroa.  I ho  oiitiro  rango  is  a 400()-ft-- 
roinlorood  oomroto  building.  I ho  targot  box  will  accommodato  tost  spooinions  up  to 
t)  In  b b>  X-ioot  m si/o.  Spooinions  up  to  25-loot-wido  can  bo  handlod  In  tho 

lacihly . 

I ho  sland.ird  firing  rango  is  .ipproxim.iloly  4U  foot.  A maximum  lirmg  dist.mco 
ol  I (K)  toot  can  bo  provulod. 

VVoapuiis  I’rujoclilos  \>ailablo 

Smooth  boro  .mil  riflod  guns  ol  .22-,  .50-.  and  .50-i.ilibor,  X-.  1 4.5-,  and  20-mm 
Al’,  Al’l,  and  hall  .imiiiumlion  aro  avail, iblo.  Ilo.ivy  duly  lo.iding  oi|uipmont  is  avail- 
ablo  lor  divissomblmg  and  roassonibling  standard  ammunition. 
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IjivironineiU 

I he  ranjie  has  fixtures  available  to  load  sheet,  plate,  tube,  rod,  or  eomposite 
speeimens  m tension,  eompressirni,  torsion,  or  shear,  and  to  supfiort  to  obtain  the 
desireil  anele  ot  obliquity.  4 1 ,‘i,0()()-pound  eapaeity  hyiiraulie  ram  is  available  for 
testing  simulated  airerall  struetural  memivrs  under  ,serviee  loaifs. 

■Artifieial  almos]iheres  of  inert  gases  and  vaeuum  ean  be  provided.  Speeimens 
can  also  be  temperature  treated  during  testing  to  simulate  elimatic  environments. 

Live  Inert  bire 

Inert  (irojeetiles  up  to  2()-mm  are  fired  in  the  indoor  faeility. 

S;ifcty  (and  Seeiirityt  Retiuirements 

I leetrieally  aetivated  firing  meehanisms  allow  eomplete  eontrol  of  the  firing 
with  s;ifety  interloeks.  Warnings  are  automatically  aetivated  at  various  steps  of  the 
arming  process  and  the  test  cannot  be  initiated  until  all  safety  criteria  are  met 

(target  box  latched,  all  personnel  accounted  lor,  and  warnings  sounded,  audio  and 

visual  I. 

•Ml  firings  are  into  the  fire  eontrol  tube  which  contains  a blast  suppressor  to 
eliminate  aiul  ilissipate  mu//le  blast.  In  adiiition,  the  sand-filled  target  box  back 

panel  is  callable  of  stopping  a ..SO-ealiber  AP  projectile  in  8 inches  at  service 

velocity.  I'his  is  backed  by  2 inches  ol  armor  steel. 

Power  ,\vailal)ility 

I lectrical  and  mechanical  power  in  the  Ballistic  Test  I'aeility  include  110,  220, 
440,  and  (>00  VAC,  compressed  air  at  120lb/in“  and  hydraulic  pressure  to 
15,000  Ib/in-. 

Observation,  Comiminieation 

The  instrumentation  and  control  room  provides  visual,  intercom,  and  headphone 
f contact  with  the  test  area  during  set-up. 

During  tests,  all  peisonnel  are  located  in  the  control  room. 

Iii-I'liglit  Ballistic  Instrumentation 


I ,ASI  K PH()l()(iK,\l'll'>'.  I xtensive  facilities  lor  motion  picture  coverage  are 
available  to  the  Ballistic  lest  Taeility.  Cameras  available  in  addition  to  standard 
H>- ami  .15-mni  models  include 

1.  I astex  Model  W I -.1,  100  msec  at  7000  frames/sec 

2.  I astex  Moilel  WI  -4,  1.0  second  at  8000  frames/sec 
Dynafax  Moilel  42()-2,  224  frames  at  25,600  frames/see 
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4.  Heckman  iV:  Wliillcv  Moild  l‘)2.  30  I'ramcs  at  1.2  x 10*^’  rranies/scc 
.•\htronks  Moilel  3,  lour  Iraines  at  1x10^  Irames/scc. 

Hullet  velocities  are  generally  measnreil  in  the  niiOdle  lOleet  ol  the  30-loot 
tlighi  tube  using  breakwires  ami  photoelectric  screens.  I’rojeetile  velocities  as  high  as 
3.S00  It  see  have  been  nieasureil.  If  the  bullet  is  to  be  tip(ied  before  target  impact, 
counter  triggers  can  be  placeil  at  any  point  between  tipping  plates  and  the  target. 

I IMINt  i.  Microseeoiul  counters,  triggered  by  photoelectric  screens,  are  used  to 
measure  proiectile  \eloeities. 

I I I I Ml  I n't . .All  transilucers  are  used  to  gather  terminal  ballistic  data. 

( ) 1 1 1 1 K . Hore-sight  mg  is  accomplished  using  a small  helium-mean  laser  ami  a 
sample  slit  system.  Mils  s^tem  clearly  ilefines  the  impact  area  before  each  firing. 

Project de  yaw  ami  fragment  scatter  patterns  are  determineil  by  witness  plates 
I thin  sheets  of  paper  that  retain  the  profiles  of  projectiles  that  |iass  through  them). 

lerminal  Hallistic  Instrumeniation 

I ASI  K PIH ) I ()( IK.AIMH  . The  high-speeil  cameras  are  also  used  to  record 
projectile  specimen  impact  data. 

I IMINd.  Pulse  generators  and  counters  are  used  to  provide  data  time  cor- 
relation. liming  pulses  are  recordeil  on  magnetic  tape  and  film  for  subsei|uent  re- 
duction by  the  ( onvair  Data  ( enter. 

II  I I .Ml  I K’)’.  .All  transducers  are  hardwired  to  the  instrumentation  and  control 
room  for  recording  and  observation.  Iransducers  available  include; 

1.  loads  to  1 .()()(),()()()  pounds 

2.  Accelerations  to  * 20. ()()()  g’s 

3.  I emperatures  from  -4(>0°1  to  5()00°1 

4.  Pressures  as  reiiuired 

5.  Impact  velocities  (with  photoelectric  screens)  in  excess  of  25, 000  ft  sec. 

()  I 1 1 1 R . .Ailditional  cai'abihties  of  this  facility  include  crack  length  propagation 
(using  accoustical  emission  and  other  standard  fracture  mechanism  techniques), 
oblujuity  ol  projectile  path,  residual  strength  results,  and  specimen  elongation. 

Speciali/ed  instrumentation  systems  can  be  built-up,  if  required,  using  (onvair 
lacihlies. 
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InNiroiiinoiiial  Sim  illation  aiul  Measuremeiil 

(iaseous  atmosi-licres  can  he  provided.  Atmospheric  pressures  Crom  vacuum  to 
normal  atmospheres  are  also  possible.  Also,  a 41 5,000  pound  capacity  hydraulic  ram 
is  used  to  provide  loads  to  test  specimens. 

Heat  laiii|is  and  cryogenics  make  temperatures  ol'  -320°l-  to  in  excess  of 
2000°!  possible. 

Plannetl  I'.xpansion  M od i f iea t io n 

Hie  lacility  will  he  modilieKi  to  accommodate  workloads. 

OUTDOOR  » AGILITIES 

SY(  AMORI  SITE 
Dimensions 

Pie  Sycamore  Site,  a 2400-acre,  uninstrumented  range,  is  also  used  for  ballistic 
tests  /he  site  is  abandoned  except  w)ie/i  u.sed  for  tests.  Nor/rraJ  tiring  range  is  50- 
to  1 00-feet.  Ranges  as  great  as  3/4-mile  are  possible. 

I he  Sycamore  Site  is  used  tor  testing  involving  large  quantities  of  combustible 
material. 

Weapons' Projee t i I es  Available 

W'eapons  as  large  as  2.3-mm  have  been  fired  at  the  facility. 

Environment 

Tests  are  run  at  ambient  conditions  (Uily. 

Live  Inert  Eire 

Inert,  111  and  III  I proiectiles  can  be  fired  at  the  facility. 

.Safety  (and  Security)  Regiiirenients 

Remoteness  ol  the  site  and  standaril  safety  and  security  procedures  provide  a 
vile  working  area. 

Power  .Availability 

.Standard  110  VAU  lines  are  available. 
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()hser\;ilitni  C'oiiiimi ii ica ( io n 

Visual  observation  is  possible  at  sale  distanees  from  tests.  No  site  cominuni- 
eations  are  available. 

Instniiiieiitatioii 

All  instrumentation  *’or  the  remote  site  is  borrowed  trom  the  indoor  test  ranjte 
as  neeiled.  No  instrumentation  is  permanently  located  at  the  site. 


DATA  HANDLINt.  PKOt  I SSIN(i 

DATA  ST()KA(,I  AND  RITKII  VAL 

Data  is  stored  on  niaimetie  tape,  oscilloeraph  hardcopy,  and  lilin. 


QT  K K-LOOk  C AP  AHILITIE  S 

(Oscilloscope  traces  photographed  by  poloroid  cameras,  digital  counters,  and  strip 
chart  recorders  are  used  to  provide  quick-look  data. 


PROCT  SSIN(; 
System  and  Model 


I he  ( onvair  Aerosjiace  Computer  Comple.x  is  used  lor  digilal  d.ila  reduction  of 
the  ballistic  data.  I'he  lacihty  has  a CA  BI  R72  system  with  ‘■>7.000  si\iy-bit  word 
capacity. 

Ihe  large  computer  is  backed  up  by  a CDCI(>00  and  several  versions  of  the 
IBM  .1()0  lainily  of  machines.  In  addition,  the  SDS  930  digital  computer  and  three 
(OMCOR  Ci  analog  consoles  have  been  interconnected  and  interlaced  lo  support 
scientific  ami  engineering  programs  requiring  digital  and  analog  data. 

Language 

lORIRAN  is  used  with  this  system. 

Input  Oiilpiil  Options 

Input/output  may  be  accomplished  by  card  reader,  teletype,  magnetic  tape 
recorder,  light  pencil,  and  ( R I . 
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DISTRIBUTION 

Maximum  turnaround  time  tor  digital  data  is  approximately  4 hours. 

Photographic  turnaround  times  are  6 hours  lor  negatives  and  1 8 liours  for 
prints. 

DISPLAYS 

Digital  counters,  C RI’s,  oscillographs,  and  oscilloscopes  provide  data  display. 
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ANNEX  L - INTRODUCTION 


OVERVIEW 

I'MC’s  Orilnancc  I nginecriiiii  Division  is  lovatfil  in  San  Joso.  ( A.  The  divisions 
enpinecriiii’  and  support  facilities  occupy  over  65,000  ft*-  of  lloor  space  in  a com- 
plex of  single-story,  air-conditioned  buildings.  I he  experimental  shop  facilities  occupy 
approximately  70,000  ft-  of  floor  space.  The  facility  employs  approximately  2600 
personnel  in  the  San  Jose  area. 

rite  San  Jose  Ordnance  Plant  was  established  for  volume  production  of  tracked 
military  vehicles  and  contains  all  operations  reijuired  for  low-cost  production. 
Vehicles  developed  by  EMC  includes  the  MRMU  (Mobile  Remote  Manipulating  Unit), 
the  High  Mobility  Vehcile  XR311,  the  Ml  13  I'amily  of  Vehicles  and  the  LVTP7 
l amily  of  Vehicles.  Defense  Department  contracts  in  munitions  research  and  develo(v 
ment  includes; 

1.  Maverick  missile  warhead  (subcontractor  to  Hughes  Aircraft) 

2.  Aim  4-11  missile  warhead  (subcontractor  to  Hughes  Aircraft) 

3.  Artillery  Dispersal  System 

4.  Signal  Smoke,  guided  mi.ssile  (.subcontractor  to  (leneral  Dynamics) 

5.  SUU-51R/B  Munitions  Dispenser 

6.  I ragmentation  - incendiary  shaped-charge  warhead. 

Ihe  facility  has  the  diversified  capabilities  reciuired  for  performance  and  qualifi- 
cation testing  of  vehciles,  vehicular  assemblies,  components,  and  materials.  The  pri- 
mary contact  for  this  facility  is  Mr.  I).  R.  Kennedy,  telephone  408-289-2777. 


(il  NI  RlC  AIRCRAFT  SYSTEMS  (SUBSYSTEMS)  TESTED 

I FM(  Ordnance  Engineering  has  been  heavily  involved  in  survivability  testing  of 

low-altitude  aircraft  systems  and  subsystems.  Ehe  Eerminal  Ballistic  Department  has 
* also  performed  research  and  development  in  the  areas  of: 

1.  Determination  ol  the  armor  protection  potential  of  materials  such  as 

> ceramics,  ilual  hardness  steel,  plastics,  magnesium,  titanium  and  various  composite 

materials. 

2.  Practical  application  of  armor  material  to  armored  vehicles,  helicopter  seats, 
ballistic  doors  lor  aircraft  shelters,  ballistic  shielding  for  civilian  police  agencies,  and 
other  applications. 
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Di'vi-Utpmi:  manuriKlurini:  priKi-'ilures  aiul  tcdinicpies  tor  new  armor  materials 
siieli  as  iliial  liardness.  heat-treatalile  steel  armor  aiul  mafmesium  armor. 

4.  llpgra(.lmf>  armored  veliiele  protection  levels  sueli  as  product  improvements  to 
the  Mild  Armored  I’ersonnel  Carrier  to  improve  protection  ajjainst  mine  damaf’e  and 
III  A I rounds. 

rile  department  tahricates  caiuliilate  armor  systems,  ballistically  tests  them,  and 
provides  dat.i  to  desifui  trroups. 


SlJKVIVAmLIIY  VULNLRABILI  I Y J ACILITItS  OVERVIhW 

Fhe  lerminal  Ballistics  Department  has  three  test  ranges  as  shown  in  l i{mre  L-l. 
I he  indoor  Terminal  Ballistics  Raiii’e,  located  adjacent  to  F-'MC’s  San  Jose  manu- 
tactuniii:  tacihty  is  utilized  Tor  testing  armor  with  various  U.S.  and  foreign 

projectiles.  Ihis  lacility  is  patterned  after  the  ( iovernment’s  Aberdeen  Proving 
(Iround  range  and  was  sanctioned  by  the  Ciovernment  to  perform  ballistic  ijualifi- 
cation  tests  for  military  proiluction  programs  when  the  Aberdeen  Proving  (iround 
facility  had  a large  backlog  of  ballistic  tests.  PMC  has  two  remote  test  sites  for 
large-scale  static  detonations,  ballistic  firings,  aiul  HP  loading.  These  test  sites  are 
located  near  I lollister.  CA,  approximately  70  minutes  ilriving  time  from  the  Santa 
Clara  office.  Site  I.  located  on  P.MC  mining  pmiKTty,  Dolomite  (Quarry,  is  used  for 
tiring  of  fragmentation.  pyrotechnii|ue,  and  incendiary  devices.  A specially  con- 
structed firing  arena,  adjacent  to  the  ijuarry.  has  been  used  for  a wide  variety  of 
immitions  tests.  .A  short-trajectory  range  is  available  for  testing  IIP’AT  ammunition 
tired  from  recoilless  nlles  against  armor  plate  and  for  test  firing  up  to  90-mtn 
cannon  amnuimtion.  Site  I has  an  explosive  detonation  limit  of  1000  pounds.  Site  2 
(Hollister  Pacility)  was  lieveloped  to  increase  the  ordnance  testing  capabilities  of 
I NK  . Pile  facility  has  an  explosive  detonation  limit  of  1 50  pouiuls. 


ACCESS 


1 he  San  Jose  Pacility  can  be  reached  via  De  l.a  ('ruz  Boulevard  and  Coleman 
Avenue  otf  of  U.S.  Highway  101  or  Inteistate  Highway  1 7.  A spur  of  the  Southern 
P.icitii.  Railroad  is  available  on-site.  Port  facilities  are  available  at  nearby  San 
I rancisco  Bay,  and  air  transjiortal ion  is  supplieil  by  the  .San  Jose  Airport,  adjacent 
to  the  PMC  lacility. 

I he  remote  ranges  can  be  reached  via  Highway  101  south  from  the  San  Jose 
Pacility  to  Hollister,  ( A. 


MAINTENANC  E EABRICATION  CAPABILPI  Y 

I he  San  Jose  Ordnance  plant  has  extensive  jiroduction  facilities  available  for 
build-up  aiul  testing  ot  ballistic  test  specimens.  Shop  facilities  include  an  aluminum 
and  steel  fabrication  shop,  plate  preparation  eipiipment,  weliling  equipment, 
machining  equipment,  heat  treating  e(|uipment,  and  a machine  tooling  shop. 
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UK. ISriCM.  SUPPORT  t APAUILI  I Y 

A I M(  i.k-sipiH\l  universal  weapon  receiver  is  used  to  mount  ten  dilTerent 
calilier  test  barrels. 

I’rojectiles  ot  various  types,  includmt:  I'rajunent  simulators,  may  he  tired,  I’owder 
balances  ami  hand  loadme  equipment  are  available  for  ammunition  reloading  to  care- 
tull>  control  projectile  velocity. 

In  addition  to  ^ ZbO.OOO  It-  of  material  storage  area,  (60,000  under  root,  the 
plant  has  40,000  It- ^ot  otiice  space,  40,000  It-  ol  linal  processing  and  checkout 
sjnicc,  and  ,T‘'0,000tt-  of  storage  and  sliipping  .space). 

I he  Hollister  tacility  has  explosive  storage  facilities  with  a capacity  in  excess  of 
1 00.000  pounds  of  all  clas.ses  of  explo.sive.s. 


INDOOR  FA(  ILITIUS 


INDOOR  FI  RM  IN  AL  BALLISTIC  RANGt 
Dimensions 

Ihe  Indoor  Terminal  Ballistic  Range,  located  at  the  San  Jose  l acility,  is  4.S  by 
10  teet  with  two  impact  chambers.  One  impact  chamber  is  by  .J  by  .J  feet  and  is 
used  for  testing  small  armor  samples.  The  second  impact  chamber  is  1 0-feet-high. 
1 0-teet-deep.  and  l6-leet-wide  and  is  used  tor  larger  samples.  Maximum  firing 
distance  is  2.S  feet. 

Weapons  Projectiles  Available 

I able  L-1  lists  the  wea[vms  available  in  the  ordnance  division's  permanent 
inventory.  I'he  indoor  range  can  accommodate  all  of  the  weapons  listed. 

LnWroinmnU 

No  simulated  environments  are  available. 

Live  Inert  l ire 


Ihe  indoor  range  can  accept  live  nonexplosive  warheads. 
.Safety  (aiul  Security)  Re*|uireinenls 


Ihe  facility  meets  all  of  the  DoD  rei|uirements  for  ballistic  test  facility  safety 
and  security.  All  explosive  loading,  assembly,  ilisassembly,  and  testing  operations  are 
carried  out  per  safety  SOP’s  to  assure  safe  operations. 
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I’mvoi  \v;iil:ibilit\ 

1 k‘L'tric;il  lines  ot  IK)-.  220-,  aiul  440-VAC  are  available. 

Observation  Connminiealion 

llarilwireil  intereom  stations  proviile  eoiniminieation  between  the  control  room, 
instrnnientation.  aiui  test  area. 

in-l'li^it  ballistic  Instrumentation 

All  instrumentation,  except  lor  velocity  measiirinj:  chronographs,  is  useh  to 
measure  terminal  ballistic  tiata. 

1 erminal  ballistic  Instrumentation 

I ASI  K 1*1 1( ) I ( )( iR  Al’l  I't’.  I’hotographic  support  equipment  available  at  the 
tacihty  inchiiles; 

1.  Movie  C ameras 

2 IKcam  high-speed  cameras.  Ib-mm 
I Arril'lex  motion  picture  ilocumentary  camera,  l(>-mm 
1 Milliken  intermittent  camera,  lC)-mm 
I bell  <V  Howell  camera,  l()-mm 

2.  Still  Cameras 

^ Nikkon  45-mm,  one  with  automatic  lilm  ailvance  mechanism 
1 Speed  (Iraphic,  4 by  5 
1 View  C amera,  4 by  5. 

A Hash  radiograph  system  is  used  to  obtain  projeclile/specimen  impact  data. 

I IMINCi.  Pulse  generators  and  digital  counters  provide  data  time  correlation. 

I I I I M I I K V,  All  transducers  are  hardwired  to  the  data  ac()uisition  system, 
lypical  transducers  used  to  measure  terminal  ballistic  data  include: 

1.  Loads  to  100,000  Ib/max 

2.  Pressure  to  100,000  Ib/m-- 
lemivrature  Irom  -200°C  to  +I00C)“C' 

4.  Impact  velocity  to  4000  It/sec 

5.  Acceleration  to  ±.5000  g. 
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I 

OI  HI  K.  riio  tollowing  ci|uipmcnt  was  dcvt-lopcd  to  support  ballistic  testing. 

1.  Ultrasonics 

2.  Hardness  Tester 
Impact  Tester 

4.  Metallography 

5.  Chemical  Analysis 

l.nvironmcntal  Simulation  and  Measurement 

No  environmental  simulation  available  at  this  facility. 

Planned  l-.xpansion/Mudification 

No  facility  changes  are  currently  planned. 


OUTDOOR  FACILITIES 


-SITE  I (Dolomite  Quarry) 

Dimensitms 

Site  1 has  a large  dolomite  (juarry  (1200  feet  across  and  200  feet  deep),  which 
forms  an  arena  for  firing  of  explosive,  incendiary,  and  fragmentation  rounds.  Maxi- 
mum tiring  range  is  100  yards.  A specially  constructed  firing  arena,  adjacent  to  the 
ipiarry  has  been  used  for  a wide  variety  of  munitions  tests.  A short-trajectory  range 
IS  available  for  testing  IIIAT  ammunition  fired  from  recoilless  rifies  against  armor 
plate  and  tor  test  firing  up  to  90-mm  cannon  ammunition. 

Weapons/ Project  lies  Available 


All  weapons/projectiles  listed  in  fable  1,-1  can  be  fired  at  Site  1. 

Environment 

No  simulated  environments  are  available. 

Live/Inert  Fire 

Site  1 has  an  explosive  detonation  limit  of  1000  pounds. 

Safety  (and  Security)  Re<|uiremcnts 

The  area  forest  ranger  is  notified  before  each  test.  A courtesy  call  to  the 
sheriffs  office  is  also  maile. 
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A publii.  aiklress  system,  radios,  and  lijtlUs  are  used  to  warn  personnel  in  the 
.irea  ol  an  upeomine  test. 

Power  Availahility 

romniereial  lines  provide  IIO,  220-  and  440  VAC'  electrical  power.  Portable 
equipment  jirovides  ludraulic  power  at  the  site. 

Observation  'Coiniminicatjoii 

Visual  ohse-rvatioii  from  behind  protection  barricades  is  available.  Telephones, 
2-way  radios,  and  a public  Hldress  system  provide  site  communications. 

In-Plielil  Ballistic  Instrumentation 

- ^ ■■  ■ 

Onlv  terminal  ballistic  instrumentation  is  available. 
lerininal  Ballistic  Instrumentation 

I ASI  K PI l( ) KK iRAPHV.  High-speed  movie  cameras  provide  projectile  Oight  and 
impact.  High-speed  cameras  available  are; 

1.  J/y-nim  movie  camera 

2.  ArriOex  Ib-mm  motion  picture  documentary  camera 

d.  Milhken  l6-mm  intermittent  camera  ^ 

4.  Bell  lA  llcvwell  16-mm  movie  camera 

I IMINti.  Digital  counters  and  pulse  generators  are  used  as  time  reference. 

I I I I Ml  I R\ . All  transducers,  strain  gages,  pressure  gages,  accelerometers  and 
thermocouples,  are  hardwired  to  blockhouse  instrumentation. 

1.  Loads  to  1 00, 000  Ib/max 

2.  Pressure  to  100,000  Ib/in^ 

.T  Leniperature  from  -200°('  to  -^I000°C’ 

4.  Impiict  velocity  to  40,000  ft/sec 
d.  Accelerations  to  t.SOOO  g. 

[■.nviroiimental  Siimilation  and  Measurement 

No  nonambient  environments  are  available. 

Planned  Lxpansion/Modifieation 

No  expansions  or  modifications  are  currently  planned. 
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SlTh  2 (Hollister  lacilily) 

Uimeiisioiis 

Site  2 contains  1 200  acres  aiul  lias; 

1.  1 lekl  test  support  shop  and  inert  operations  huililinf; 

2.  1 xplosive  storajte'  maga/ine  area 

1 xplosive  and  lia/artlous  processing  (melt  and  press  loailing,  incendiary  and 
pyrotechnic  loading)  huikiing 

4.  \-ray  inspection 

5.  1 xplosive  amt  ha/anlous  assenihly  huiklings 
('.  'diinitions  test  arenas  and  sites. 

rile  explosive-melt  loading  Iniildmg  is  eipiipped  witli  the  latest  30-gallon 
vacuimi-nielt  kettle,  two  S-ipiart  kettles,  and  all  utilities  required  to  permit  high 

quality  casting  ol  all  types  of  military  111-.  Itie  explosive-melt  equipment  can  be 
remotely  operated  when  required. 

I he  (irmiary  terminal  ballistics  test  arena  provides  3(i0-degree  natural  terrain 

protection  and  can  accommodate  explosive  ordnance  iletonations  up  to  I .SO  pounds 
of  III  . 

The  maximuiii  nominal  firing  range  is  100  yards;  however,  depending  upon 

salety  factors,  weapons  can  be  fired  at  ranges  up  to  1000  yards. 

Weapons  Projectiles  Available 

file  I.Kility  can  accommodate  all  the  weapons  shown  in  Table  L-1  and 

associated  ammunition. 

l:nviroiiiiient 


No  simulated  environments  are  available. 

I.ive,  Inert  l ire 

I he  tacility  can  handle  all  classes  of  ammunition  and  explosives.  The  facility 
explosion  detonation  limit  is  ISOiiounds. 

Safety  (and  Security)  Requirements 

file  area  forest  ranger  is  notified  before  each  test.  A courtesy  call  to  the 
sheriffs  office  is  also  made. 

A public  adilress  system,  radios,  and  lights  are  used  to  warn  personnel  in  the 
area  of  an  upcoming  test. 
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Pov^cr  \\;iilal)ililv 


( 'oiniiKTcial  liiu-s  proviilc  I I0-,  220-.  aiui  440- VAC  electrical  equipnient. 

1‘orlahle  hydraulic  eipiipment  is  also  available. 


ObscTvation/Comnuinicalion 


Dual  I'eriscopes,  located  in  the  site  blockhouse,  and  a portable  camera/video 
recorder  system  are  used  to  observe  tests. 


lelephones,  2-way  radios,  and  a public  address  system  provide  site 
communications. 

In-Mighl  Ballistic  liisirumcntalion 


Only  terminal  ballistic  and  explosive  detonation  instrumentation  are  av^Uable. 

V 

Tenninal  Ballistic  histrumenlalion 


I A .SI  K PIIOTOGKAPIIY.  Remotely  actuated,  hijjh-speed  cameras  are  used  to 
(irovide  test  information. 

A remote-generated  325-kV  x-ray  facility  is  provided  to  permit  the  radiographic 
inspection  of  both  inert  and  lll’-loaded  ordnance. 


1 IMINCi.  Digital  timing  and  pulse  generators  are  used  for  time  correlation. 


I I I 1 Mil  R'l’.  The  arena  floor  has  a permanent  underground  network  of  con- 
duits and  armored  outlet  boxes  for  instrumentation  and  firing  leads.  The  conduits 
terminate  at  a large  subterranean  firing  buiiKer  which  protects  all  electronic  recording 
devices,  test  personnel,  and  observers. 

Iranvlucers  available  include: 


1.  Loads  to  100,000  Ib/max 

2.  Pressure  to  100,000  lb/in“/max 

3.  lemperature  from  -200°C  to  1000°C 

4.  Impact  velocity  to  40,000  ft/sec 

5.  Accelerations  to  t.SOOO  g. 

( trill  K.  I he  following  eciuipment  is  used  to  support  tests  at  Site  I and 
Site  2. 

1.  2 lligh-voltage  firing  units 
I Beckman  Whitley 

1 I M(  manufacturer 

2.  2 Oscilloscopes,  Tektronix  Model  543  and  camera 
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3.  1 Oscilloscope,  Tektronix  Moilel  545  ami  camera 

4.  I Dual  beam  oscilloscope,  lektronix  Model  556  and  catnera 

5.  1 Transistor  tester,  Tektronix  Moilel  575 

().  1 Counter,  mterval,  Ceneral  Radio,  dijiital  to  10  Mil/ 

7.  1 Counter,  Berkeley,  to  I MM/ 

X.  2 Dual  delay  units.  Altronic,  to  10  msec 

0.  I Wave  function  iienerator  oscillator,  llewlett-l’ackard 

10.  1 Velocity  measuring  device,  Avtron,  with  photoelectric  screens 

11.  1 12-channel  temperature  recorder,  Leeds  and  Northrup 

12.  6 Rower  supplies  12  to  500  volts 

13.  1 Trequency  standard,  1 Mil/  (maintained  in  calibration) 

14.  6 Rressure  transducers,  Kistler  Model  603 L 

15.  4 I’reampliriers,  Kistler  Model  504 

1 6.  Oscilloscope  preamps,  Tektronix. 


Lnvironnicntal  Siniulatioii  and  Measurement 

No  nonambient  environments  are  available. 

RIamieil  T.xpansioii  Miidificatioii 

No  expansions  or  modifications  are  currently  planned. 

DMA  HANDl  IN(;  PROCI  SSINt; 

DAI  A ST()RA(.I  AND  RI  IRII  VAL 

Data  is  stored  on  tilni  and  hardcopy. 


GlUCK-LOOk  t AI'ABM  1 1 II  S 

Oscilloscopes,  counters,  and  photograidis  provide  quick-look  data. 


PKCXT  SSIN(. 

System  and  Model 

The  San  Jose  plant  is  equipped  with  two  IBM  2‘>22  remote  time-sharing  ter- 
minals. These  are  connected  to  an  IBM  370,  I4X  computer  with  1.5  megabits  of 
memory  at  the  I MC  National  Data  Center  in  Indianapolis,  IN.,  by  a private  tele- 
phone network. 
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Lni^iiage 

1.  lOKIRAN 
(OlU)l 

3.  I’l  1 

Input  Oiiipiil  Opiions 

I he  Ibllowing  itevices  are  available  for  input/output ; 

1.  Card  Reader 
1.  ( ard  I'uneh 

d.  flOO  I ine/min  (LI’M)  Printer 

4.  1000  I, ine/min  (Ld’M)  Printer. 

I he  (tOO  U’M  printer  is  on  one  of  the  IBM  2922  terminals.  The  1000  l.PM 
termmal  is  on  the  other. 

Realtime  Interaetion 

( Not  applieahle  to  this  facility. 


DISIRIBLITION 

1 urnaroimd  time  for  all  lilm  is  usually  less  than  24  hours.  Black  and  white 
tilm  IS  developed  m-house.  Color  film  is  tlcveloped  by  a Kodak  facility  located 
neaibc. 

I urnaroimd  time  for  other  data  is  usually  24  hours  or  less  depending  upon  the 
amount  ol  data  reipiired. 

Dl.SPI  AYS 

Oscilloscopes,  counters,  and  a stop  motion  projector  provide  data  display. 
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I 


Figure  L-1.  FMC  Corporation  Ballistics  Department  F-acilities. 
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T•^ble  L-l.  FMC  Inventorial  Weapons.* 


United  States 

M16A1  (5.56-inm) 

7.62-mm  MG  (machine  gun) 

AR  15 

40-mm,  203  GL  (grenade  launcher) 

M60,  M60I)  MG 

60-mm  -4  shot  XM202  GL 

M73H1  MG 

M72  GL 

.30  caliber  MG 

25-mm  GL 

M820  MG  (20- mm) 

M20-A1-B1  35-mm  rocket  launcher 

MbOAl 

Mortars  (81-mm  - M23AI , 4.2  in.  M30) 

.45  caliber  M(- 

TRW  6425  (25-mm  MG) 

.50  caliber  MG 

M18A1  (57-mm) 

RH202  (20-mm  MG) 

Royal  Netherlands  Army 

7.62-mm  M(i  (M219) 

7.62'mm  rifle 

7.62-mm  pistol 

9-mm  pistol 

U..S.S,R. 

Swiss 

1 4.5-mm  (anti-tank) 

20-mm  Lathi  (anti-tank) 

^Ammunition  available  for  the  above  weapons. 
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ANNEX  M - INTRODUCTION 


OVERVIEW 

Tlic  San  Juan  Capistrano  Test  Facility,  constructed  hy  the  Aeronutronic  Division  of 
the  Philco-Ford  Corporation,  is  an  87‘J  acre  site  located  10  miles  east  of  San  Juan 
Capistrano,  CA,  and  approximately  35  miles  from  the  PhilcoFort  Newport  Beach  Facility. 
The  test  facilities  include  a Weapon  Test  Building,  (Gun  Ranges  1 and  2),  with  a separate 
Ready  Ammo  Storage  Building.  1000  Meter  Range,  Turret  Test  Building,  Cieneral  Purpose 
Building  with  Helicopter  Pad,  Ammo  Storage  f'acilities,  and  the  recjuired  water,  fire,  and 
security  protection  facilities.  Ffigure  M-1  shows  the  test  facility  layout.  In  addition  to  the 
ordnance  test  facilities  outlined  herein,  the  test  site  includes  an  extensive  thermostructural 
test  area.  The  primary  contract  for  this  facility  is  Mr.  Ken  Nelson,  telephone  714-640-1500, 
ext.  1832. 

GENERIC  AIRCRAFT  SYSTEMS  (SUBSYSTEMS!  TESTED 

The  primary  function  of  the  site  is  to  facilitate  weapons  and  ordnance  development. 
Major  test  programs  include: 

1.  Gun  development  firings 

2.  Propellant  forniulation/optimization  firings 

3.  II FI  fuze  tests 

4.  Gun  system  environmental  (lualification 

5.  Projectile  penetration,  dispersion  and  time-ol-fiight  tests. 

However,  the  facility  is  well  eipiipped  to  do  S/V  (survivahility/vulnerahility ) testing 
and  has  accommodated  such  testing  in  the  past. 

SURVIVABILITY  VULNFRABILI I Y I ACIUTII  S OVERVIEW 

File  ballistic  test  facilities  available  .i^fl^sile  iiulude: 

1.  Weapon  lest  Building  with  Gun  Range  No.  I (eight  firing  bays)  and  Gun  Range 

> No.  2 (four  firing  bays). 

2.  lurrct  lest  Buililing  that  can  be  used  to  operate  in  simulated  helicopter  tiring 
modes. 

3.  loot)  meter  test  range. 

I 4.  Special  open  S/V  test  site. 

f 5.  F.nvironmental  test  eciuipment  to  provide  controlled  specimen  environment. 
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ACCESS 

Tlie  Capistrano  facility  is  located  10  miles  east  of  San  Juan  Capistrano  between 
Highway  74  and  Interstate  Highway  5.  Marine  Corps  Base,  Camp  Pendleton,  is  located 
3 miles  southeast  of  the  facility.  The  Newport  Beach  Plant  with  air,  sea,  and  rail  access  is 
approximately  35  miles  away. 

A helicopter  pad  is  located  east  of  the  General  Purpose  Shop  building  indicated  on 
Figure  M-1. 


MAINTENANCE/FABRICATION  CAPABILITY 

Tlie  3200  ft^-  general  purpose  building  is  designed  to  provide  shop,  laboratory,  and 
office  space.  The  building  has  an  over-hanging  roof  area  adjacent  to  the  shop  to  provide  a 
sheltered  work  area  for  helicopter  fitting  of  armament  systems 

Tlie  1600  ft“  shop  area  contains  machine  tools  and  sheet  metal  tools  for  minor  rework 
and  repair  of  weapons,  test  fixtures,  and  system  installations. 


LOGISTICAL  SUPPORT  CAPABILITY 

file  primary  Ammunition  Storage  Building  has  3000  ft^  of  storage  area.  This  provides 
a capability  of  storage  up  to  250,000  rounds  of  ammunition. 

An  underground  HE  (high  explosive)  (Class  A)  magazine  provides  290  ft“  of  storage 
area  for  storing  up  to  10,000  pounds  of  HE. 

Tlie  Ready  Ammunition  Storage  Building,  adjacent  to  the  Weapon  Test  Building,  can 
store  up  to  10,000  rounds  of  ammunition  at  constant  temperature. 

Office  space,  security  and  first  aid  facilities  are  also  available  at  the  site. 


INDOOR  FACILITIES 


GUN  RANGES  NO.  I AM)  NO.  2 
Dimensions 


Gun  Range  No.  I is  the  original  onlnance  test  complex  consisting  of  eight  bays,  two 
groups  of  four  each  opposed.  Table  M-1  gives  the  dimensions  of  each  bay  located  on  Range 
No.  I.  The  eight  bays  are  supported  by  one  common  control  and  data  acquisition  room. 
Gun  bays  W1-W4  each  have  a firing  maximum  range  of  270  meters.  Gun  Bays  El  through 
1,4  have  a firing  range  of  250  meters. 
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Gun  Bays  E5  through  E8  (Figure  M-1)  of  Gun  Range  No.  2 were  added  in  1973  to 
provide  a facility  for  test  of  large,  high  energy  gun  systems.  Each  bay  has  a maximum  firing 
range  of  250  meters.  Table  M-2  shows  the  dimensions  of  each  Range  No.  2 bay.  Each  pair  of 
bays  is  supported  by  a separate  control  and  data  acquisition  room. 

All  ranges  are  actually  outside,  but  the  gun  mounts  are  inside  and  environmentally 
protected. 

Each  Range  No.  2 bay  has  built-in  noise  capability,  hydraulic  power,  plumbing  and  TV 
surveillance. 

Weapons/Projectiles  Available 

Range  No.  1 bays  were  built  to  support  a variety  of  caliber  systems  of  low  energy. 
Range  No.  2 bays  were  built  to  support  higlier  energy  gun  systems.  Gun  systems  up  to 
30-mm  high  velocity  and  40-mm  grenade  launchers  have  been  tested.  Other  than  weapons 
and  ammunition  utilized  in  weapon  development,  a weapon/projectile  stock  is  not 
maintained. 

Environment 


Each  gun  bay  is  enclosed  to  protect  equipment  from  inclement  weather  and  is 
maintained  at  a normal  personnel  environmental  level. 

Portable  enclosures  are  used  to  enable  climatic  testing  at  controlled  weapons  and/or 
ammunition  temperature  (ambient  to  180°F). 

Live/Inert  Fire 

With  proper  safety  precautions  and  depending  on  the  range  usage  of  adjacent  bays,  any 
type  of  projectile,  include  HE,  may  be  fired. 

Safety  (and  Security)  Requirements 


Unauthorized  access  to  the  test  site  is  controlled  by  security  guards  at  the  main  gate.  In 
addition,  an  ordnance  safety  engineer  is  the  test  site  administrator. 

All  buildings  are  completely  equipped  with  automatic  wet-type  fire  prevention 
systems,  portable  fire  extinguishers  and  internal  fire  hoses. 

Power  Availability 

3-phase,  1 1 5 VAC  electrical  power  is  available  at  all  range  bays  and  control  rooms. 
Observafion/Communication 

An  air-conditioned  observation  control  area  is  available  at  each  bay.  Intercom  sets  and 
internal  and  external  public  address  systems  are  used  to  coordinate  tests  and  warn  personnel 
of  an  upcoming  firing. 
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In-Flight  Ballistic  Instrumentation 

LASFR/PHOTOGRAPHY.  Photographic  support  is  available  at  all  locations,  sum- 
marized briefly  as  follows: 

1.  Documentary  - still  and  movie,  color  and  black  and  white 

2.  High  speed  technical  - black  and  white  and  color  to  1 1,000  frames/sec 

3.  Cameras  available  include: 

a.  Arriflex 

b.  Fastex 

c.  Milliken 

d.  Hycam 

e.  Pliotosonics. 

A sound  syncronization  system  is  used  to  syncronize  audio  with  the  film  and  aid  in 
reducing  data  from  the  fdm. 

Of  special  interest  in  the  portable  micro-flash  system  available  to  all  bays.  The 
micro-flash  system  is  a technique  for  stop  motion  photography  of  a projectile  in  flight.  This 
technique  has  been  used  to  determine  projectile  attitude,  change  of  attitude,  and  physical 
condition.  It  was  used  extensively  during  plastic  rotating  band  development  testing. 

TIMING.  A sequential  timer,  10  channels  to  99.99  seconds  in  0.01  second  steps  is 
available. 

n LFMFTRY.  All  gun  bays  have  been  extensively  equipped  to  handle  a variety  of 
types  of  ordnance  instrumentation.  Fach  bay  has  the  folloiwng  basic  hardwire  intercabling 
to  the  instrumentation  room: 

1.  10,  coaxial  cables 

2.  10.  X conductor  strain-gage  shielded  cables 

3.  10,  3 conductor  shielded  cables 

4.  20.  2 conductor  shielded  cables 

Instrumentation  is  available  to  measure  a broad  variety  of  weapon  system  parameters 
characteristics.  Typical  instrumentation  available  is  listed  below. 

1.  Pressures,  up  to  100,000  Ib/in-  gage  and  3000  Ib/in^  differential 

2.  Hydraulic  fluid  flow,  up  to  60gal/min 

3.  Sound  pressure,  to  200  dB,  at  frequencies  to  100  KHz 

4.  Component  temperature  -200  to  +2000° F 
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5.  Blast  pressure,  to  100  Ib/in^ 

6.  Linear  displacement,  to  6 inches 

7.  Linear  acceleration 

8.  Magnetic  pick-up 

9.  Strain  gage 

10.  Projectile  velocity. 

OTHLR.  The  projectile  velocity  measuring  system  consists  of  photo-cell  ballistic 
velocity  screens,  computing  chronograph  and  high-speed  printer.  TTe  capabilities  include 
recording  the  number  of  rounds  fired  (burst  size),  velocity  of  each  projectile  (to 
200  rounds/sec),  computation  of  the  average  velocity  of  all  rounds  in  a burst,  and 
computation  of  the  average  rate-of-fire  of  any  group  of  rounds  in  a burst. 

Terminal  Ballistic  Instrumentation 


The  instrumentation  at  this  facility  is  oriented  to  gun  functions  and  in-flight  ballistics. 

Environmental  Simulation  and  Measurement 

Temperature  environments  of  180°F  can  be  provided  using  portable  shelters.  Some 
rain,  wind,  and  dust  environments  can  be  provided. 


OUTDOOR  FACILITIES 


UPPER  GUN  RANGES 

Located  between  the  area  occupied  by  Gun  Ranges  1 and  2 and  the  thennostructural 
test  area  are  three  outdoor  ranges;  the  Turret  Range,  the  1000  Meter  Range  and  the  Special 
Test  site. 

Dimensions 

The  Turret  Range  is  placed  on  a ridge  looking  across  a canyon.  Its  location  provides  for 
firings  in  azimuth  from  minus  90  degrees  to  plus  90  degrees  and  down  to  minus  80  degrees 
m elevation.  It  is  ideal  for  operating  in  simulated  helicopter  firing  modes.  A 4000  pound  jib 
crane  provides  ease  of  installation  for  the  various  test  fixtures. 

Ixicated  adjacent  to  the  Turret  Range  is  the  1000  Meter  Range.  The  range  provides  for 
fixed  line-ol-sight  firings  of  up  to  1000  meters.  The  range  terminates  in  a natural 
embankment.  Targets  may  be  placed  with  reasonable  ease  at  any  range  up  to  200  meters  and 
at  1000  meters.  Bc-tween  200  and  1000  meters  the  ground  falls  away  from  the  line-of-sight. 
Hie  firing  line  slopes  downward  7 degrees  to  the  impact  area.  At  the  pad  area  are  a gun 
mounting  pad  and  protective  personnel  wall. 
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The  Special  Test  Site  consists  of  an  outdoor  test  area  with  earthen  bunkers,  an 
instrumentation  building  and  test  area  hoist.  This  area  has  been  used  to  test  the  S/V 
(survivability/vulnerability ) of  aircraft  gun  feed  systems.  In  these  tests  rounds  were  fired 
into  simulated  feed  systems  containing  live  HE  rounds  to  determine  S/V  capabilities.  The 
firing  distance  depends  upon  the  accuracy  of  the  weapon  and  maximum  allowable  safety 
factors. 

Weapons/Projectiles  Available 


Tlie  Turret  Range  can  accommodate  all  weapons  up  to  40-mm.  The  1000  Meter  Range 
can  accommodate  weapons  up  to  40-mm.  The  Special  Material  Test  Site  can  accommodate 
weapons  up  to  40-mm  firing  into  weapons  systems  up  to  25-mm. 

Environment 

Tlie  ranges  di.scu.ssed,  being  outdoor,  are  subjected  to  the  ambient  environmental 
conditions. 

Live  Inert  Fire 


Both  live  HE  and  inert  have  been  utilized  on  all  outdoor  ranges. 

Safety  (and  Security)  Requirements 

Unauthorized  access  to  all  test  sites  is  controlled  by  security  guards  at  the  main  gate. 
Fire  protection  is  provided  by  mobile  fire  equipment  (mounted  on  a truck). 

Power  Availability 

Electrical  power  of  1 10-  and  220-VAC  is  available. 

Ohservation/Communication 

Limited  visual  observation  is  available  at  the  Turret  Range  and  1000  Meter  Range.  The 
Special  Material  Test  Site  has  closed-circuit  monitor  and  recording  television  facilities. 

Instrumentation 

All  instrumentation,  data  acquisition,  and  control  equipment  are  brought  up  from  the 
(>un  Ranges  and  installed  in  on-site  trailers  as  required. 


DATA  HANDLING/PROCESSING 
DATA  STORAGE  AM)  RETRIEVAL 

A broad  variety  of  recording  systems  are  available;  strip  chart,  oscillograph,  and 
magnetic  tape. 
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The  data  acquisition  rooms  at  the  (iun  Ranges  contain  the  following  data  acquisition 
equipment: 

1.  3(>-channel  oscillograpli  with  galvonometer  frequency  response  to  5000  Hz.  CBC 
5-1  1^  or  Honeywell  1 208. 

2.  1 8-channel  strain  gage  power  supply  and  balance  - Owens  or  Allegany. 

.V  1 8-channel(s)  thermocouple  temperature  measurement  with  ice  reference  and  pace 
thermocouple  calibrator 

4.  I 2-channel(s)  charge  amplifier  - Kistler 

5.  4-channel(s)  of  projectile  velocity  measurement  equipment  - LCl 

6.  One  14-channel  tape  recorder  with  frequency  response  DC  to  10  KHz 

7.  27-channel(s)  amplification  using  Allegany,  Dana  or  Astrodata  amplifiers. 

Additional  instrumentation  and  digital  computing  capabilities  are  available  from  a 
mobile,  general  purpose  instrumentation  van,  and  the  large-scale  digital  computing  facility  at 
Newport  Beach. 


QUICK-LOOK  CAPABILITIES 

Photographs,  digital  counters,  strip  charts,  and  oscilloscopes  provide  quick-look  data. 


PROCESSING 
System  and  .Model 


The  facility  has  a time  share  terminal  (teletype)  to  the  Newport  Beach  facility’s 
Honeywell  604  system. 

Die  mobile,  general  purpose  van  containing  a Data  General  Nova  computer  with  32K 
memory. 

Language 

Die  time  share  terminal  uses  l-CJRTRAN.  Tlie  NOVA  system,  located  in  the  general 
purpose  van.  has  been  programmed  in  assembly  language  in  the  past,  but  the  recent  purchase 
of  a Real  lime  Disc  Operating  System  will  permit  programming  in  FORTRAN. 

Input/Output  Options 


Die  time-share  terminal  has  a teletype  output.  In  the  past,  graphics  systems  have  also 
been  used. 

The  general  purpose  van  contains  a magentic  tape  recorder,  line  printer,  and 
oscilloscopes. 
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Real  time/ Interaction 


None  for  ballistic  testing. 


DISTRIBUTION 

Turnaround  time  for  photograph  is  usually  24  hours.  Data  reduced  in  the  Data 
Acquisition  Room  at  the  Gun  Ranges  is  usually  available  the  same  day  as  the  test  (if  test 
load  is  light).  Larger  numbers  of  tests  will  increase  turnaround  time. 

lurnaround  time  for  the  time  Share  Terminal  is  usually  24  hours. 

DISPLAYS 

The  Gun  Range  Data  Acquisition  Room  provides  digital  counters,  strip  charts,  and 
oscillographs  t^^r  data  display. 

Teletype,  and  graphics  systems  provide  data  display  at  the  time-share  terminal. 

Lire  mobile  van  has  oscillographs,  line  printers,  and  video  displays. 
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ANNEX  N - INTRODUCTION 


OVERVIEW 

The  II.  P.  Wliite  Laboratory  is  located  on  95  acres  of  land  in  an  agricultural  community 
north  of  Bel  Air.  Mi).  The  laboratory  includes  approximately  30,000  ft-  of  floor  space 
devoted  to  offices,  ordnance  library,  ordnance  museum,  photographic  darkroom,  machine 
shop,  two  indoor  firing  ranges  of  35  feet  and  100  yards,  explo.sive  loading  building,  remote 
aircraft  gun  system  test  facility,  store  rooms  and  explosive  magazines.  The  outdoor  facilities 
include  explosive  test  sites  and  a 400-meter  range. 

The  II.  P.  White  Laboratory  was  founded  in  1936,  by  Mr.  Henry  Packard  White  as  a 
ballistic  research  and  development  facility.  Since  that  time,  it  has  become  one  of  the  leading 
privately  owned  laboratories  engaged  in  small  arms  and  munitions  research,  development 
and  testing. 

Lhis  laboratory  is  believed  to  be  the  only  independent  ballistic  test  facility  since  it 
produces  no  manufactured  end  items  and  is  in  no  way  affiliated  with  any  other  research 
organization,  manufacturer  or  end  product  user.  During  the  39  years  of  its  existence 
H.  P.  W'hite  Laboratory  has  performed  internal,  external  and  ballistic  tests  and  evaluations 
on  a broad  range  of  ordnance  material,  including  small  arms,  machine  guns,  aircraft  gun 
systems,  and  mortars.  In  addition,  they  have  had  extensive  experience  in  testing  armor  plate, 
personnel  protection  equipment.  III:  (high  explosive)  projectile  fuzing,  pyrotechnic  time 
delays  and  Hares,  incendiary  devices,  mines  and  fragmenting  devices  of  a wide  variety. 

Lhe  II.  P.  W'hite  Laboratory  has  been  founded  on  integrity  of  service,  coupled  with 
expedient,  low-cost  test  and  evaluation  efforts.  Its  motto  is  “one  test  is  worth  a thousand 
expert  opinions.”  l he  primary  point  of  contact  for  the  use  of  the  H.  P.  White  Laboratory 
facilities  is  Mr.  Donald  R.  Dunn,  telephone  30 1 -83X-6550. 

One  of  the  most  important  assets  of  the  facility  is  its  technical  library.  The  library 
contains  virtually  every  publication,  text,  periodical  and  training  manual  published  since 
IHOO  on  the  subject  of  fire  arms,  munitions,  ballistic  warfare  and  various  fields  of 
engineenng. 


GENERIC  AIRCRALT  SYSTEMS  (SUBSYSTEMS)  TE.STED 

The  II.  P.  White  Laboratory  diK-s  not  normally  test  aircraft  systems  or  subsystems  such 
as  wings,  fuselage,  propulsion  system  or  fuel  cells.  The  laboratory,  however,  does  do 
significant  testing  of  armor  plate  and  various  penetration  tests  of  a variety  of  targets  which 
can  be  used  to  simulate  aircraft  systems. 
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SURVIVABILITY/VULNERABILITY  FACILITIES  OVERVIEW 

riiere  arc  four  ballistic  test  facilities  applicable  to  the  aircraft  S/V  evaluation  mission  at 
H.  P.  White.  Two  of  these  facilities  are  indoors,  one  being  a 35-foot-range  and  the  second 
being  a 100  yard  enclosed  range.  The  two  outdoor  facilities  include  a 400  meter  bunkered 
range  with  additional  bunkers  at  100,  200,  and  300  meters  as  well  as  an  all-angle  firing  pit 
used  currently  for  the  AHKi  COBRA  (jim  test. 


ACCESS 

The  only  access  to  the  11.  P.  White  Laboratory  is  by  road.  From  Interstate  95  at  the 
Bel  .Air,  Ml)  exit,  proceed  north  on  Maryland  Route  24  through  Bel  Air  to  U.S.  Route  1. 
Proceeil  north  on  Route  1 to  Sandy  Hook  Road.  Turning  left,  proceed  approximately  1 mile 
turning  right  onto  Scarboro  Road,  H.  P.  White  being  approximately  100  yards  down  the 
road,  II.  P.  Wliite  is  approximately  20  miles  from  Aberdeen  Proving  Ground  so  the  Phillips 
Airfield  could  also  he  used  to  airlift  articles  into  Aberdeen  and  then  trucked  from  Aberdeen 
to  II.  P.  White  Laboratory.  Suitable  cleared  area  exists  at  the  H.  P.  White  Laboratory  to 
permit  use  of  a helicopter  as  a more  expeditious  means  for  movement  of  material  and 
personnel. 


MAINTENANCE/FABRICATION  CAPABILITY 

Tlie  machine  shop  at  II.  P.  White  Laboratory  occupies  approximately  200  ft“  on  the 
ground  Hoor  of  the  building  and  is  primarily  used  to  support  the  testing  and  evaluation 
elTorts  of  the  laboratory.  Frequently,  however,  this  facility  is  used  to  fabricate  prototypes, 
replacement  parts  and  to  alter  components  under  test.  A limited  amount  of  precision  dies 
and  limited  quantities  of  precision  parts  are  fabricated  here,  using  comparators  and 
microscopes  for  (juality  control  and  dimensional  analysis. 

Ammunition  handling  and  loading  facilities  of  11.  P.  White  Laboratory  are  used  to 
fabricate,  develop  and  assemble  a wide  variety  of  ammunition  components,  including  filled 
III  projectiles,  saboted  llechettes  and  small  arms  ammunition.  Ammunition  handling  and 
weapons  storage  include  facilities  approved  for  classified  items. 


LfK.ISTIC  AL  SLPmRT  CAPABILITY 

Fhe  II.  P.  White  Laboratory  has  a limited  logistical  support  capability.  It  can  store 
ammunition  aiul  classiHed  material  within  the  laboratory;  the  user  must,  in  most  instances, 
supply  all  logistical  support  for  items  under  test.  Armor  plate  targets  and  instrumentation 
logistical  support  can  be  handled  by  the  laboratory.  Once  more  the  close  proximity  ol 
II.  P.  White  Laboratory  to  Aberileen  Pr,/ving  Ground  (some  20  milesi  allows  logislual 
support  Irom  .Aberdeen  to  be  rather  easily  performed. 
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INDOOR  FACILITIES 


THE  35-FOOT  BALLISTIC  RANGE 
Dimensions 

I hc  35-fool  range  is  square  approximately  10  feet  by  10  feet  and  35  feet  long.  It  can 
be  instrumented  from  the  internal  ballistics  of  the  gun  to  the  bunker  at  the  end  of  the 
35  foot  range.  No  viewing  ports  are  located  along  the  35  foot  length  of  the  tunnel  to  allow 
visual  indication  of  performance.  When  applicable  such  observations  are  provided  by  a 
variety  of  photographs  and  x-ray  techniques. 

Wcapons/Projectiles  Available 


Projectile  launchers  (guns  and  test  barrels)  for  all  calibers  are  available  up  to  and 
including  3()-mm  projectiles.  No  HE  projectiles  can  be  fired  in  this  35  foot  range. 

Environment 

Temperature  conditioning  chambers  are  available  at  this  range. 

Livc/lnert  Fire 

Only  inert  projectiles  can  be  fired  on  the  35  foot  range.  This  includes  AP  (armor 
piercing)  ammunition. 

Safety  (and  Security  (Requirements 


Standard  safety  operating  procedures  are  normally  utilized  on  the  35  foot  ballistic 
range.  The  II.  P.  White  facility  does  possess  classified  gun  vaults  in  which  all  foreign  weapons 
are  normally  secured.  Special  procedures  would  have  to  be  implemented  if  a classified 
weapon  were  to  be  left  installed  on  a range  overnight. 

Power  Availability 

Normally  12,  14,  28,  110,  and  220  VAC  3-phase  power  is  available  to  the  35  foot 
facility,  (ienerating  equipment  can  provide  additional  power  flexibility. 

Ob.servation/Communication 


Only  observation  in  the  gun  firing  room  is  available  on  the  35  foot  range.  Normally 
firings  are  observed  post  flight  from  high-speed  photographs  or  x-rays. 

In-Flight  Ballistic  Instrumentation 

LASER/PHOTO(iRAPHY.  Higli-speed  cameras  arc  available  with  frame  rates  of  2000 
to  6000  frames/sec  and  14,000  frames/sec. 


193 


JTCG/AS-76-D-001 


I IMINCi.  Timing  is  accomplished  by  the  use  of  Lumiline  screens,  maker  and  breaker 
circuits  and  elapsed  time  counters. 

TI.LI  Min  RV.  Normal  gun  functions  are  monitored  during  tests. 

Tcmiinal  Ballistic  Instrumentation 

1 ASI.R/PHO reXiRAPM Y.  Both  single  channel  and  2-channcl  flash  x-ray  systems  can 
be  used  in  the  35  foot  range.  The  2-channel  system  can  provide  two  orthogonal  views  of  150 
and  180kVA.  In  addition,  three  Ib-mm  high-speed  motion  picture  cameras  are  available, 
one  possessing  the  capability  of  14,000  frames/sec.  The  other  two  can  perform  at  from 
2000  to  bOOO  frames/sec.  Microtlash  photographic  equipment  is  also  available  using  four 
pulsed  strobe  lights. 

IlMINCi.  The  timing  systems  that  are  normally  used  in  the  35  foot  range  are  the 
motion  picture  camera  frame  rate  and  electronic  counters  used  for  monitoring  gun  functions 
and  the  paper  and  graphite  velocity  breaks  used  for  the  facility. 

fcnvironmental  Simulation  and  Measu remen t 


Hot  and  cold  conditioning  chambers  capable  of  temperatures  ranging  from  -65° F to 
+200°F  are  available.  Temperature  measurements  are  performed  by  monitoring  the  output 
of  fuel  thermocouple  probes  with  a chart  recorder.  No  other  capability  to  simulate  or 
measure  environmental  conditions  currently  exists  in  the  35  foot  range. 


THF  100  YARD  INDOOR  BALLISTICS  RANGE 
Dimensions 

The  100  yard  indoor  range  is  approximately  a 10  ft^  with  conduit  mounted  the 
length  of  the  firing  range  for  set  up  of  velocity  breaks  and  various  target  configurations. 

Weapons/Projectiles  Available 

The  100  yard  ballistic  range  can  handle  anywhere  from  5.56-  to  30-mm  inert 
projectiles.  In  addition,  it  can  handle  smaller  fragments  of  various  shapes. 

Environment 

Temperature  conditioning  chambers  are  available  at  this  facility. 

L.ive/lnert  Fire 

.No  MF.  projectiles  can  be  accommodated  by  this  facility. 

Safety  (and  Security)  Requiremen ts 

The  standard  operating  procedures  are  normally  utilized  for  the  100  foot  test  range. 
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Tin.'  H.  P.  White  facility  iloes  possess  classified  gun  vaults  in  which  all  foreign  weapons 
arc  normally  secured.  Special  procedures  would  have  to  he  implemented  if  a classified 
weapon  were  to  lie  left  installed  in  the  range  overnight. 

Power  Availability 

Normally  12.  14,  2S.  1 10,  and  220  VAC  3-phase  power  is  available  to  the  100  foot 
facility,  (iencrating  eciuipment  can  provide  additional  power  flexibility. 

Obscrvation/Communication 

Observation  only  in  the  gun  firing  room  is  available  at  the  100  foot  range.  Normally, 
firing  is  observed  post  flight  through  high-speed  photographs  or  x-rays. 

In-Flight  Ballistic  Instrumentation 

LASI  R/PHO TfXiRAPHY.  Tltrec  high-speed  motion  cameras  are  available,  one 
operating  at  14.000  frames/sec,  and  two  operating  at  from  2000  to  6000  frames/sec. 

TIMING,  f.lectronic  counters  of  microsecond  accuracy  are  available  for  use. 

TlXHMEiTRY.  Ciun  functions  can  be  measured  and  recorded. 

Tenninal  Ballistic  Instrumentation 

L.ASFR/PHOTOGRAPHY.  Both  single  channel  and  2-channel  flash  x-ray  systems  can 
be  used  in  the  100  foot  range.  Tlie  2-channel  system  can  provide  two  orthogonal  views  of 
150  and  180kVA.  In  addition,  three  16-mm  high-speed  motion  picture  camcas  are 
available,  one  possessing  the  capability  of  14,000  frames/sec;  the  other  two  can  perform  at 
from  2000  to  6000  frames/sec.  Microtlash  photographic  equipment  is  also  available  using 
four  pulsed  strobe  lights. 

IlMINfi.  The  timing  systems  that  are  normally  used  in  the  100  foot  range  are  the 
motion  picture  camera  frame  rate  and  the  electronic  counters  used  for  monitoring  gun 
functions  and  the  paper  and  graphite  velocity  breaks  used  for  the  facility. 

TFLHMHTR  Y.  Standard  strain  gage  technology  can  be  used. 

O IHHR.  A 30-mm  nondestructive  projectile  recovery  fixture  is  available  for  use.  Tlie 
fixture  is  capable  of  recovering  5000  grain  projectiles  fired  at  muz/de  velocities  of 
5000  ft /sec. 

Environmental  Simulation  and  Measurement 


Hot  and  cold  conditioning  chambers  capable  of  temperatures  ranging  front  -65°F  to 
+200''F  are  available.  Temperature  measurements  are  performed  by  monitoring  the  output 
of  fuel  thermocouple  probes  with  a chart  recorder.  No  other  capability  to  simulate  or 
measure  environmental  conditions  currently  exists  in  the  100  yard  range. 
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OUTDOOR  FACILITIES 

THE  400  METER  BALLISTIC  RANGE 
Dimensions 


Tlie  400  meter  ballistic  range  is  located  on  the  side  of  the  laboratory  building  and  the 
tiring  is  done  into  a sand  butt  against  the  mountainside  behind  the  laboratory.  Bunkers  are 
available  at  ranges  of  100,  200,  300,  and  400  meters. 

Weapons/Projectiles  Available 


The  outdoor  400  meter  ballistic  range  can  accommodate  projectiles  up  to  and 
including  the  57-mm  antiaircraft  gun  projectile.  All  types  of  projectiles  and  projectile 
systems  including  AP,  armor  piercing  incendiary,  high  explosive  incendiary  and  high 
explosive  incendiary  tracer  can  be  accommodated  by  this  facility. 

Environment 


Only  ambient  atmospheric  conditions  are  available  at  this  outdoor  facility. 
Live/Inert  Fire 


Live  fire  can  be  accommodated  by  this  facility  up  to  and  including  large  fragmenting 
munitions  with  certain  safety  constraints  being  required  to  meet  safety  requirements. 

Safety  (and  Security)  Requirements 

Standard  safety  procedures  are  available  for  the  400  meter  range  at  H.  P.  White; 
however,  if  large  fragmenting  munitions  are  used  special  safety  precautions  must  be  taken 
on  or  beyond  the  hill  at  the  end  of  the  400  meter  range. 

Power  Availability 

Normally  12,  14,  28,  1 10,  and  220  VAC  3-phase  power  is  available  at  this  range.  Power 
generating  equipment  can  be  used  to  supplement  available  power  at  the  firing  site  if 
required. 

Observation  /Communication 


Tests  may  be  observed  from  inside  the  laboratory  for  the  400  meter  ballistic  range  and 
from  a variety  of  bomb  proof  enclosures. 

In-Flight  Ballistic  Instrumentation 

LASER;  PHOTOGRAPHY.  The  three  high  speed  16-mm  motion  picture  cameras 
provide  a majority  of  the  photographic  coverage  for  this  facility.  One  of  the  high-speed 
cameras  operates  at  14,000  frames/sec  and  the  other  two  from  2000  to  6000  frames/sec. 
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riMINCi.  ('amcra  I'ramc  rates,  velocity  nieasunnn  instrumentation  (electronic  counters) 
and  gun  function  hardwire  instrumentation  are  the  only  timing  systems  used  on  this  range. 

TM.hMI  IR't'.  All  gun  functions  can  he  measured  and  recorded.  Velocity  measure- 
ments can  he  made  with  either  maker  or  breaker  circuits  or  Lumiline  screens. 

()  1 HI  K.  \ 2()-nim  nondestructive  recovery  fixture  is  available  for  use. 


ALL-ANGLL  FIRING  PIT 
Dimensions 


file  All- .Angle  Firing  Pit  is  approximately  UK)  feet  in  diameter.  It  consists  of  fragment 
barricades  around  the  circumference  and  a firing  pedestal  in  the  center  with  power  outlets 
and  remote  firing  jiosition  specially  designed  for  aircraft  armament  testing. 

Wcapons/Projectilcs  Available 

The  range  is  specially  designed  to  accommodate  aircraft  armament  systems.  The 
all-angle  test  site  was  designeil  for  the  testing  of  automatic  slew  and  elevation,  high  rate  of 
fire  gun  systems  with  a total  elevation  variation  of  70  degrees  and  traverse  from  minus 
1 20  degrees  to  plus  I 20  degrees.  VV'eajion  systems  up  to  40-mm  can  be  accommodated. 

Environment 


I'his  outdoor  facility  has  only  ojien  air  ambient  conditions.  Tlie  firing  position  is 
covered  overhead  and  as  specifically  designed  for  all-weather  operation. 

Live/Incrt  Fire 

Five  fire  of  aircraft  gun  .systems  can  be  accommodated  at  this  range  up  to  40-mm. 
Safety  (and  Sec-urity)  Requirements 

All  firing  on  this  range  is  remotely  controlled  from  bunkers  located  within  the  facility. 
Power  Availability 

Power  outlets  specially  designed  to  meet  aircraft  weapons  systems  requirements  are 
available. 

Observation /Communication 

Direct  observation  of  tests  is  possible  from  the  bunkered  portion  of  the  facility. 
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In-Flight  Ballistic  Instrumentation 

LASER/PHOTCXiRAPHY.  High  speed  photography  is  available  for  the  observation  of 
in-flight  ballistics,  terminal  ballistics,  and  firing  position.  Frame  rates  are  available  from 
2000  to  6000  frames/sec  and  14,000  frames/sec. 

TIMING.  Timing  is  accomplished  by  elasped  time  counters,  oscillograph,  x-ray  and 
high-speed  photography. 

TELEMETRY.  All  gun  functions  are  observed  directly  and  instrumentally  monitored. 
Terminal  Ballistic  Instrumentation 

LASER/PHOTOGRAPHY.  Terminal  ballistic  photography  is  provided  by  high-speed 
cameras,  x-ray  and  microflash  photography. 

TIMING.  There  is  no  terminal  ballistic  timing. 

TELEMETRY.  There  is  no  terminal  ballistic  telemetry. 


DATA  HANDLING/PROCESSING 
DATA  STORAGE  AND  RETRIEVAL 

Measurements  taken  on  the  ranges  are  recorded  with  a multi-channel  tape  recorder 
with  oscilloscope  display.  The  system  is  fitted  with  a Polaroid  adapter  to  provide  a 
permanent  visual  record. 

QUICK-LOOK  CAPABILITIES 

There  are  no  quick-look  capabilities 

PROCESSING 

No  computer  capabilities  exist. 


DISTRIBUTION 

High  speed  films  can  be  processed  in  under  30  minutes.  X-ray  film  can  be  viewed  in 
about  20  minutes. 


DISPLAYS 

High  speed  films  can  be  projected  at  various  speeds.  A Vanguard  Motion  Analyzer  is 
available  for  analysis  of  high  speed  motion  photography.  A magnifying  viewer-plotter  can  be 
used  for  measuring  irregularly  shaped  objects. 
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ANNEX  O - INTRODUCTION 


OVERVIEW 

riic  VSD  (Voujilil  Systems  Division)  of  LTV  Aerospace  Corporation,  located  in  Dallas, 

• TX,  is  the  corporation  component  responsible  for  designing  and  manufacturing  aircraft  and 
missiles.  The  current  employment  of  VSD  is  a|iproximately  10,000  personnel. 

The  Structures  and  Systems  Laboratories  is  the  operating  department  responsible  for 
S/V  (survivability/vulnerability)  testing.  VSD  is  currently  producing  and  testing  the  U.S.  Air 
Force  A-7D  and  the  U.S.  Navy  A-7E  attack  aircraft.  Also,  under  production  is  the  2-man 

* YA-7H  attack  aircraft  and  the  U.S.  Army  LANCE  Battlefield  Support  missile.  The  primary 
contact  for  this  facility  is  Mr.  I).  M.  Reedy,  telephone  214-266-2245. 


GENERIC  AIRCRAFT  SYSTEMS  (SUBSYSTEMS)  TESTED 

• VSD  is  currently  testing  intermediate  fixed-wing  aircraft  such  as  the  A-7  and  S-.5A. 

Subsystems  undergoing  testing  include  fuel  systems,  armament,  hydraulic  subsystems,  and 
propulsion  systems. 


SURVIVABILITY/VULNERABILITY  FACILITIES  OVERVIEW 

The  VSD  (iunfire  lest  Facility  is  used  for  both  ballistic  S/V  testing  and  ordnance 
research  and  development.  Die  facility  consists  of  a 6-inch  thick  concrete  pad  located 
80  feet  from  a target  butt  capable  of  retaining  20-mm  ammunition  at  rapid  rates  of  fire  (up 
to  6000  spin)  and  single-shot  30-mm  rounds,  with  velocities  controlled  and  measured.  The 
pad  is  covered  by  a shelter  roof.  A shop  building  and  control  building  are  located  nearby.  A 
utility  trench,  used  to  accommodate  instrumentation  Is  located  in  the  control  room. 
Figure  (>l  shows  a plan  view  of  the  facility.  The  range,  at  present,  cannot  accommodate  HE 
(high  explosive)  rounds,  IIFI  (high  explosive  incendiary)  rounds,  or  fragmentation  rounds. 


ACCESS 

» 

Primary  access  to  the  facility  is  via  Jefferson  Street  parallel  to  the  Dallas-F'ort  Worth 
Turnpike.  A company  owned  spur  is  available  to  the  Texas  and  Pacific  Railroad.  Air  access 
is  via  the  Dallas  Naval  Air  Station,  east  of  the  facility. 

f MAINTENANCE/FABRICATION  CAPABILITY 

Facility  maintenance  is  provided  by  the  VSD  Plant  Maintenance  Department.  Tlie 
Structures  and  Systems  Laboratories  have  a laboratory  machine  shop  and  a sheet  metal 
fabrication  shop  with  capabilities  of  fabricating  precision  test  fixtures  and  hardware. 
Backing  up  the  Structures  and  Systems  [laboratories  are  the  capabilities  of  the  VSD 

• Manufacturing  IX’partment, 
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LOGISTICAL  SUPPORT  CAPABILITY 

llic  plunt  provides  required  logistic  support  to  the  laboratories.  The  Safety 
Department  is  responsible  for  storage  of  all  ammunition.  All  classes  of  ordnance  can  be 
accommodated  and  certified  technicians  are  available  to  handle  explosives  as  rc(|uired. 
Portable  fuel  supply  tanks,  pumps,  and  pressurization  systems  are  available  to  the  facility 
for  surx'ivability  testing  of  fuel  tanks. 


INDOOR  FACILITIES 


None. 


OUTDOOR  FACILITIES 


GUNFIRE  TEST  FACILITY 
Dimensions 


Tlie  Gunfire  Test  Facility,  shown  in  Figure  0-1,  is  the  only  armament  facility  at  VSD. 
Tire  facility  consists  of  a 6-inch  thick  concrete  pad  60  feet  long  by  40  feet  wide,  located 
80  feet  from  a target  butt  capable  of  retaining  20-mm  rapid  fire  and  30-mm  single-shot 
projectiles.  Figure  02  shows  a cross  section  of  the  gun  butt.  The  pad  is  partially  covered  by 
a shelter  roof,  24  feet  wide  by  30  feet  long  and  is  15  feet  high.  Maximum  firing  range 
available  at  the  facility  is  1 50  feet.  Present  range  is  93  feet. 

Adjacent  to  the  pad  is  a 20  by  20  foot  shop  building.  Control  room  space  is  provided 
in  a neighboring  High  Temperature  Test  Facility  Building. 

Weapons/Projectiles  Available 

The  Gunfire  Test  Facility  is  capable  of  handling  projectiles  to  30-mm,  with  velocities 
precisely  controlled  and  measured.  Table  01  shows  the  maximum  projectile  velocity  and 
kinetic  energy  and  impact  for  the  various  weapons  available  at  the  facility. 

In  addition  to  straight-in  shots,  tumbled-round  shots  can  be  performed. 

Environment 

Tlie  test  specimen  can  be  dynamically  or  statically  loaded  with  load  jacks  to  simulate 
in-flight  conditions.  Although  the  enclosure  is  not  designed  to  simulate  environmental 
conditions,  special  environments  can  be  artifically  created  with  portable  heaters,  vibrators, 
or  fans. 
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Live/Inert  Fire 

rtic  facility  cannot  be  used  to  fire  or  HHI  rounds.  Also,  no  fragmentation  rounds 
are  fired  on  the  range. 

Safety  (and  Security)  Requirements 


llie  (iiinfire  I'est  F'acility  is  located  within  a secure,  guard-protected  area.  In  addition, 
lights  and  horns  warn  all  perso/inel  in  the  area  that  gunfire  testing  is  in  progre.ss. 

Power  Availability 


Six  circuits  of  20-ampere,  1 10  vac,  and  one  circuit  of  30-ampere,  3-phase  480  VAC  of 
electrical  power  are  available  in  the  shop  building.  Two  20-arnpcre,  10  VAC  circuits  are 
available  at  the  utilities  trench.  I'lectrical  power  for  instrumentation  is  available  in  the 
control  room  area. 

Plant  air  is  available  in  the  shop  building.  An  8-inch  air  line  with  a quick  operating 
valve  provides  4 Ib/sec  of  plant  air  at  80  Ib/in*^  pressure  to  the  far  end  of  the  utilities  trench. 

Observation/Communication 


Portable  shields  are  available  for  area  observation.  Walkie-talkie  and  intercom 
networks  can  also  be  set  up  between  the  gunmount,  test  specimen  and  control  room. 

In-Flight  Ballistic  Instrumentation 

l-ASt  R/PIIOTO(iRAPHY.  A printed  circuit  type;  digital  cascade  counting  chrono- 
graph is  used  to  meausre  projectile  velocities  to  10,000  ft/sec. 

1 IMINCi.  Hewlett-Packard  preset  counters  are  used  for  test  sequencing  and  time 
correlation. 

I FLI  Ml-  I RY.  None  available  for  in-flight  ballistics. 

Terminal  Ballistic  Instrumentation 


PHO  rOGRAPHY.  High-speed  (to  ‘>000  frames/sec)  movie  cameras  of  various  types  are 
used  to  record  the  overall  response  of  a test  specimen  during  the  impact  sequence. 

riMINCi.  Hewlett-Packard  preset  counters  provide  the  proper  time  sequencing  of 
events  during  testing.  Time  crxie  generators  are  available  to  provide  data  time  correlation  for 
the  ground  ballistic  S/V  tests. 

TFLFMFTRY.  Telemetry  equipment  is  available  at  the  Flight  Test  Facility,  but  has 
not  been  utilized  in  ballistic  S/V  testing.  A portable  instrumenation  cart  is  located  in  the 
adjacent  shop  building.  Transducers  are  available  to  measure: 

1 . Accelerations  to  ± 1 0,000  g’s 

2.  Loads  to  100,000  pounds 
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I’rcsMiros  to  1 0,000  Ih/m^ 

4.  l ompcraturcs  from  -1  00°l-  to  +1000°l' 

5.  How  rates  to  600  gal/min 

6.  DeOeetions  as  ncctleci  using  load  beams  and  linear  pots. 

OI'Ml  R.  Instrumentation  signal  conditioners  and  general  laboratory  equipment  are 
available  to  support  ballistic  tests. 

Environm enta I Simulation  and  Measurement 

Specimen  loads  to  100,000  pounds  and  temperatures  from  -I00°F  to  +350°F  can  be 
provided. 

PLANNED  EXPANSION/MODIFICATION 

Modifications  required  to  accommodate  HE  rounds  are  being  studied. 


DATA  HANDLING/PROCESSING 


DATA  STORAGE  AND  RETRIEVAL 

file  test  data  is  stored  on  magnetic  tape  or  photographic  film.  These  tapes  and  film  are 
then  filed  by  test  request  numbers.  Some  data  are  also  available  in  hardcopy  form 
toscillograph  records,  photographs). 


QUICK-LOOK  CAPABILITIES 

Hewlett-Packard  counters,  Honeywell  and  CDFC  direct  writing  light-beam  oscillo- 
graphs with  paper  speeds  to  160  in/sec  and  frequency  response  to  4800  Hz  and  oscilloscopes 
are  used  to  proviile  quick-look.  This  equipment  permits  reproduction  or  display  of 
expanded  time  scales  to  facilitate  identifying  sequences  and  time  correlating  of  events. 


PROCESSING 
System  and  Model 


Automatic  data  processing  is  not  available  at  the  facility  but  the  Flight  Test  Center  can 
handle  processing  jobs  as  required.  The  center  has  a SIGMA  7 computer  with  a full 
complement  of  peripheral  equipment,  and  can  give  outputs  printed  or  as  curved  plots. 
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Linguagc 

I he  SK;MA  7 uses  the  I'OR  TRAN  programming  language. 
Input  Output  Options 

Input/output  eiiuiprnent  inducles. 

1.  Card  Reader 

2.  ( aril  Punch 

3.  Line  Printer 

4.  .Magnetic  Tape 

5.  Teletype. 

Realtime/Interactions 
None  at  this  facility. 


DISTRIBUTION 

Turnaround  times  are  24  hours  for  photograhic  data  and  from  24  hours  to  1 week  for 
formatted  hardcopy  data. 


DISPLAYS 

Hardcopy  from  the  line  printer  and  visicorders  and  a CRI'  provide  data  displays. 
Magnetic  tapes  from  the  SICiMA  7 are  used  to  generate  plots  on  an  off-line  FAI  plotting 
system. 


203 


|l  BUILD  I 


JTCG/AS-76-D-001 


LU 

CC  »- 

r? 

UJ 

a?  < H 

CM  oc 

— UJ  m >- 

Q-  o <r 

o r — o 

^ UJ  — J H- 

— rj  <• 
o <r  cc 
-J  X o 

— (j:  c cn 


Figure  0-1.  Plan  View  of  Vought  Systems  Division  Ballistics  Facility. 
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lahlo  0-1.  Projectile  Impact  Velocity  aiul  Impact  Kinetic  l.nergy 
Available  at  the  VSCGunfire  Test  Range. 


Weap>  n 

Projectile  impact 
velocity,  ft/sec 

Projectile  impact 
energy,  ft  lb 

20  mm  (M(j) 

2730 

26,745 

1 4.5  mm 

3400 

.50  caliber  (MG) 

2900 

13.072 

.45  ciiliber  (pistol) 

850 

369 

.30  caliber  (rifle) 

2680 

2654 

.22  caliber  (rifle) 

1335 

158 
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ANNEX  P - INTRODUCTION 


OVERVIEW 

Mi.l>onnell  Aircraft  Company,  a component  of  McDonnell  Douglas  Corporation,  is 
locatet'.  aiijacc'it  to  the  Lambert  - ,St.  Louis  Airport,  ,St,  Louis  County,  MO.  The  .Aircraft 
Coiiipany  is  responsible  for  the  ilesign  and  manufacture  of  fighter  aircraft.  Tlie  1-4  Phantom 
si-ries  and  I - 1 5 1 agle  are  presently  being  manufactured  at  the  St.  Louis  facility. 

Lihoratory  support  available  at  the  St.  Louis  Plant  includes: 

' I.  .Armament  and  1-xplosives  Laboratory 

2.  Propulsion  Systems  Laboratory 

3.  l uel  System  Laboratory 

4.  Lightning  Sinn  lation  Laboratory 

* 5.  Dynamics  Laboratory 

6.  Physics  Laboratory' 

7.  Electronic  Laboratory 

8.  Avionics  Laboratory. 

The  A&l:  (Armament  and  Explosives)  Laboratory,  part  of  the  E.ngineering  Labora- 
tories, is  responsible  for  research,  development,  engineering  evaluation,  vehicle  integration, 
qualification,  and  manufacturing  support  testing  of  armament  systems  and  associated 
ordnance.  Lite  primary  contact  is  Mr.  Alan  Wilkes,  telephone  314-2,^2-.3‘)85. 

GENERIC  AIRCRAFT  SYSTEMS  (.SUBSYSTEMS)  TESTED 

The  A&E  Laboratory  tests  all  types  of  llight  structures  and  systems  for  S'V 
(survivability/vulnerability ) determinations  when  subjected  to  e.xternal  armament  threats  or 
malfunction  of  integral  and  on-board  armament.  At  present,  subsystems  of  intermetliate 
f fixed-wing  fighter  aircraft  (fuel  cells,  fuel  lines,  structures)  are  tested  in  the  facility. 


SURVIVABILITY  VULNERABILITY  FACILITIES  OVERVIEW 

j McDonnell  Aircraft  Company  has  two  ballistic  facility  locations.  Ihe  Buikling  1 3C 

’ ^ Gunfire  Test  Facility  is  employeil  for  testing  gunfire  survivability  designs  as  well  as  for 

testing  gun  systems  themselves.  Figure  P-l  shows  a plan  view  of  the  Gunfire  Test  Facility. 
I'he  range  is  located  on  a 4-acre  site  and  is  compriseil  of  a two-bay  test  cell,  a single-bay  test 
cell,  a single-shot  gun-fire  tunnel,  and  a high-firmg-rate  gun-lire  tunnel.  Other  facilities 
include: 

^ 1.  1 wo  enclosed  test  and  test  support  bays 

2.  A seat/catapult  ejection  range 
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3.  A rcaily-uso  explosives 'ammo  mafia/ine 

4.  I wo  mstmmeiUation  aiul  eontrol  trailers 

5.  Site  shops  ami  olTiees. 

I lie  pimfire  facility  loeateii  in  Biiiklin)’ (Propulsion  Systems  Laboratory ) is  used  to 
simulate  in-tlieht  airflow  over  aircraft  durinji  fuel  tank  ballistics  tests.  Tile  test  cell  is 
presently  set  up  for  a {>unrire/fuel  tank  fire  and  explosion  suppression  program  (I'igure  P-2). 


ACCLSS 


The  St.  Louis  I'acility  can  be  reached  via  Lindbergh  Boulevard  and  Brown  Road  off 
Interstate  270.  A spur  of  the  Norfolk  and  Western  Railroad  is  available  on  the  facility.  Air 
transportation  is  via  the  Laimbert  - St.  Louis  Airport  adjacent  to  the  facility.  The  Mississippi 
River  offers  water  transportation  from  the  St.  I.awrence  Seaway /'Illinois  River  to  the  north 
and  New  Orleans  to  the  south. 


MAINThNANCE'  /pABRICATlON  CAPABILITY 

Laboratory  shop  eiiuijiment  includes  a metal  lathe,  bandsaw,  grinder,  drill  press,  and  a 
sheet  metal  shear  and  brake.  One  shop  area  is  equipped  with  explosion-proof  electrical 
outlets  and  lighting,  and  is  continuously  supplied  with  air  for  purging  solvent  vapor  to 
provide  for  cleaning,  preserving,  and  assembly  of  missile  launchers,  pylons  and  racks,  and 
gun  systems. 

In  additon,  the  extensive  capabilities  of  the  airframe  plant  are  available  as  recjuired. 

LOGISTIC  AL  SUPPORT  CAPABILITY 

The  facility  is  equipped  for  loa/ling  and  preparation  of  ammunition,  solid  propellants 
and  other  explosive  materials  and  devices,  and  disposal  of  materials.  Two  shop  buildings 
comprise  approximately  800  ft-  of  working  space.  A temperature  and  humidity  controlled 
magazine  provides  ready-use  storage  of  ammunition  and  explosives.  Two  trailers  proviile 
approximately  1000  ft-  of  office  space. 


INDOOR  FACILITILS 

GUNFIRLTLST  FACILITY  (Building  I3C) 

Dimensions 


Ihis  faiclity  has  two  functional  sections.  The  1000  inch  range  high-firing-rate  tunnel 
provides  for  installed  gun  system  testing  and  is  constructerl  of  2.S  by  85  by  13  feet  high 
reinforced  concrete.  A 7-foot  deep  by  8-foot  scpiare  recessed  and  steel-plate  covered 
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concrete  block  floor  is  useil  tor  reactiiii:  loads  of  a test  fixture  that  rotates  armor  plate  test 
specimens  up  to  near  sonic  speeds.  A rnovahle  gun/airframe  section  shelter.  24  by  30  by 
lb  feet  high  with  opposite-emd  full-opening  doors,  telescopes  over  the  tunnel  to  leave  an 
unobstructed  area  for  positioning  and  tieing  down  gun  equipped  aircraft. 

I he  single-shot  gunfire  facility  consists  of  a gunmount  room  connected  to  a 16  by 
20  by  13  feet  high  test  article  hay  by  a 2 feet  diameter,  60  feet  long,  steel  tube.  Another 
gunmount,  eijuipped  with  a steel  tube,  provides  a close  range  (approximately  10  feet)  firing 
station.  \ full-side  opening  sliding  door  and  a personnel  door  provide  access  to  the  bay. 

( wo  I800s(|uare  feel  by  16  feet  enclo.setl  bays  provide  for  assembly  and  modification 
of  test  articles  and  associated  equipment  and  for  conduct  of  various  testing. 

Out-of-doors  test  areas  include  an  approximately  I .“iO  feet  long  by  40  feet  wide 
ejection  range. 

( wo  tanks.  12  feel  diameter  by  10  feet  deep  and  10  feet  diameter  by  3 feet  deep 
provide  for  underwater  testing. 

A chamber  3 feet  in  diameter  by  5 feet  long  is  used  for  testing  explosion-proof 
capabilities  of  components  in  an  explosive  atmosphere  (to  60,000  feet  pressure  altitude). 

Weapons,  Projectiles  .'ivailahic 

(able  P-1  lists  the  weapons  and  projectiles  available  at  both  the  Building  1 3C  facility 
and  the  Building  62  facility. 

All  weapons  are  mounted  on  a standard  F-'rankford  Arsenal  (iun  Mount.  Production 
rapid-fire  weapons  can  also  be  accommodated. 

E-nvironment 

Specimen  environments  of  high  temperature,  low  temperature,  tlight  loads,  vibration, 
j and  target  motion  are  available. 

1 ^ Fire 

Both  tunnels  can  accommodate  A(’  (armor  piercing),  Al’l  (armor  piercing  incendiary), 
lil.  (high  explosive),  and  lll  l (high  explosive  incendiary)  projectiles. 

t Safety  (and  .Security)  Requirements 

* (he  gunfire  facility  is  completely  within  a secure  area.  In  addition,  C(T\’  (closed 

circuit  television),  gun  gas  sniffers,  temperature  measuring  devices,  and  key  operated  firing 
switches  are  used  to  maintain  safe  operations. 
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I'he  projectile  impact  eiul  ot  the  tunnels  is  backed  by  an  earthen-reveteil.  reinlbrced- 
concrete  structure  that  contains  sand  reservoirs  backed  up  by  armor  plate  which,  in 
combination,  absorb  projectile  energy,  contains  projectiles  and  shrapnel,  and  preclude 
excessive  projectile  penetration.  A gun-firing-circuit  grid-board  terminates  high-rate  tiring  it 
projectile  ilispersion  becomes  excessive. 

Power  .Availability 

Numerous  440  VAC  3-phase  electrical  outlets  in  all  standard  sizes  from  30  to 
200  amperes  inclusive  are  available. 

I’lant  supplied  shop  air  manifolds  are  also  available.  Two  pretlight  air  starter  carts  for 
jet  engines  and  a 500  gallon  compressed  gas  tank  have  been  combined  into  a 500  psig 
blowdown  air  system. 

.Standard  Might-line  “ground  cart”  aircraft  system  supply  units  are  also  used  at  the 
facility. 

Observation/Communication 


(■(TV  with  recorders,  intercoms  and  a public  address  system  provide  observation/ 
communication  between  the  test  article  and  the  fire  control/instrumentation  trailer. 

Iiv Flight  Ballistic  Instrumentation 

l.ASt/R  PH()T()(i RAIMI Y.  Projectile  velocities  to  6000  ft/sec  are  measured  by 
chroiK)graphs  or  high-speed  cameras  (to  20,000  frames/sec).  Cameras  available  at  the  facility 
include: 

1.  Six  Nova  II  Rotating  Prism  Cameras  1000  to  1 8,000  pictures/sec  - 500  foot 
magazines 

2.  One  Heckman  & Whitney  Model  200  Streak  and  Framing  Camera  ( 1 2 frames  at  10^^ 

1 frames/sec) 

I 3.  A wiile  assortment  of  gun  cameras,  64  to  1000  frames/sec. 

Inning  is  jirovided  Irom  a central  source,  thus  permitting  exact  correlation  between 
cameras. 

Preset  counters  are  used  to  seciuence  test  events  and  determine  projectile 

I velocity. 

H I I Ml  I RY.  File  majority  of  the  instrumentation  at  this  facility  is  used  to  record 
gun  functions  and  terminal  ballistic  parameters.  All  instrumentation  is  hardwired  to  the 
instrumentation  and  control  trailer. 

()  I III  R.  Sniffer  systems  to  measure  the  explosive  levels  of  vented  gun  gases  have  been 
developed  by  the  laboratory 
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Modified  visihlo  light  sensors  arc  used  to  determine  relative  light  and  llasli  amplitude 
during  tests. 

Terminal  Ballistic  Instrumentation 

LASt:R/PtlO rOGR APHY.  The  liigh-speed  cameras  are  also  used  to  monitor  projeetile- 
speeimen  impact.  ('(TV  are  also  used  to  monitor  and  reconl  tests. 

TlMINXi.  IRIG  time  code  generators,  a .‘'0  Mil/  quart/  crystal  standard  and  preset 
counters  are  used  to  provide  time  correlation  ol  halhstic  data.  1 he  time  code  can  he 
recorded  on  magnetic  tape.  Him  and  oscillograph  hardcopy. 

* TLLFMP.tr Y.  Transducers  available  include: 

1.  Loads  to  1 00.000  pounds 

2.  Pressures  to  I 00.000  Ih/in- 
Temperatures  at -80°F  to  greater  than  I000°L 

* 4.  /\ccelerations  of  1 to  5000  g's 

5.  I'low  to  I 200  gal/min. 

; All  transducers  are  hardwired  to  a Vidar  84-channei  PM  multiplexed  Data  Station. 

O [ HP.R.  Piring  and  camera  control  panels  and  instrumentation  recorders  for  the 
1000  inch  range  are  in  a trailer  located  about  50  feet  north  of  the  tunnel.  Firing  controls 
and  instrumentation  tor  the  single-shot  facility  are  in  the  gunmount  room  (Figure  P-l  I. 

Special  instrumentation  buikl-ups  to  satisfy  speciHc  re(|uirements  can  be  furnished  by 
the  lab  if  required  for  a specific  test.  Additional  instrumentation  is  used,  as  neeileil.  from 
central  laboratory  functions. 


(iUNFIRL  FACILITY  (Building  62) 

Dimensions 

A newly  constructed  remote  gunfire  facility,  located  in  Buihling  (>2  (Propulsion  System 
Uiboratory)  is  being  used  for  a gunfire/fuel  tank  fire  and  explosion  program.  1 he  facility 
consists  of  a 8.5  feet  high  by  1 1.7  feet  wide  by  17  feet  long  test  cell,  with  a 7 by  7 foot 
entry,  ducted  to  a compressor  (51,000  scfm  at  I00°P  ).  ,A  I 2 by  I 2 foot  control 'observation 
room  IS  also  available.  Maximum  firing  range  is  75  feet.  Nortnal  firing  range  is  20  feet. 

Wea pons/ Projectile  Available 

Phe  tacility  can  accommodate  the  .50  caliber  and  14.5-mm  I'rojectiles. 
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Environment 

In  addition  to  the  environments  available  at  the  (luntire  Test  l acility,  the  remote 
facility  can  provide  up  to  400  knots  air  How  over  the  test  specimen. 

Live/lnert  Fire 

The  remote  facility  can  accommodate  both  inert  and  API  projectiles. 

Safety  (and  Security)  Re(|uirements 

Cardox.  IbO  deluee,  safety  sensors,  C'CTV  monitoring,  and  warning  lights  and  horns 
are  used  at  the  facility. 

Power  Availability 

Power  available  at  the  facility  includes  1 10,  220,  and  440  VAC,  and  28  VDC  electrical 
power,  compressor  and  shop  air,  and  portable  hydraulic  carts. 

Standard  tlight-line  “ground  cart”  aircraft  system  supply  units  are  also  used  at  the 
facility. 

Observation/Communication 

CCTV  (black  and  white)  provides  realtime  observations.  Intercoms  are  routinely  used 
for  communication.  No  direct  observation  of  testing  is  available. 

In-Flight  Ballistic  Instrumentation 

1 he  instrumentation  at  this  facility  is  oriented  to  terminal  ballistic  testing. 

f 

Terminal  Ballistic  Instrumentation 

LASI  R/PtlO  lOCiRAPIlY.  The  higli-speed  cameras  are  available  to  record  projectile/ 
specimen  impact.  C(TV  is  also  used  to  monitor  and  record  tests. 

TIMINCi.  IRKi  time  code  generators  and  preset  counters  provide  data  time  correlation. 

Tlie  time  code  can  be  recorded  on  magnetic  tape,  film,  and  oscillograph  hardcopy. 

TIT.FMF'TRY.  rransducers  available  include; 

1.  Loads  to  1 00,000  pounds 

2.  Pressures  to  1 00,000  Ib/iii“ 

3.  Temperature  of -80°1' to  greater  than  1000°F 

4.  Plow  to  1 200  gal/nnn. 

All  transducers  are  hardwired  to  instrumentation  in  the  facility  control  room. 
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tnvironmental  Simiiliition  and  Measurement 

I'liis  facility  provides  up  to  400  knots  of  air  tlow  over  tlie  test  specimen.  Other 
ctivironments  sucli  as  loads  (to  75.000  pounds),  temperatures  (-(')5°1'  to  +200°I  ),  and 
acceleratiotis  { ♦^5000  ,e’s)  can  also  he  produced  usinj:  Laboratory  ei|uipment. 


OUTDOOR  FACILITIES 


None. 


DATA  HANDLING/PROCESSING 


DATA  STORAGE  AND  RETRIEVAL 

File  majority  of  the  data  is  stored  either  on  magnetic  tape,  film,  or  oscillograph 
hardcopy. 

An  84-channel  Vidar  FM  Multiplex  Data  Acquisition  System  is  located  in  the 
instrumentation  and  control  trailer  at  the  Building  13C  facility.  Amiiex  magnetic  tape 
recorders,  Honeywell  aiul  Cl’C  oscillographs,  and  Vidar  signal  conditioners  are  available  for 
data  recording. 

riic  engineering  l.aboratory's  CDAS  (Control  Data  Acquisition  System)  provides 
digital  data  acquisition,  test  monitoring,  and  on-line  computation  services  to  the 
laboratories.  The  CDAS  is  eejuipped  to  measure,  record,  and  provide  automatic  calibration 
for  voltage  signals  of  various  ranges.  Data  rates  can  be  varied  to  satisfy  requirements  of  the 
test. 


QUICK-LOOK  CAPABILITIES 

Photographs,  C('  I V,  and  oscillographs  provide  quick-look  data. 


PROCESSING 
System  and  Model 

The  CDAS  mini-computer  system  has  an  8000  Ib-bil  word  memory,  disc  memory 
capable  ol  storing  up  to  200,000  lb-bit  wonls,  two  cassette  tape  recorders  for  program 
input/output,  cathode  ray  terminal  with  graph  capabilities  and  one  typewriter  interface 
input/output  unit. 
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Language 

rius  system  uses  either  the  maniilaeturcrs  assembly  language  or  I'OR  I RAN. 

Input  Output  Options 

Aneiller>  eiiuipment  lor  ( DAS  mini-computer  incluiles: 

1.  Number  of  data  channels  - (lOO  (expandable  to  1000) 

1.  Input  Signal  Conditioner  - Six,  each  containing  100  channels 

d.  Lest  Site  Control  Lhhts  - Four,  each  capable  of  interfacing  signal  conditioning  and 
peripherals  to  central  control  to  configure  a complete  data  system  at  any  test  site 

4.  Printers  - Three,  two  for  use  at  test  sites,  one  at  central  control  station. 

liach  test  site  control  unit  interfaces  up  to  six  Signal  Conditioning  Units,  one  Printer, 
one  .Scope,  the  High  Speed  Graphical  Recorder,  and  up  to  three  Low  Speed  Graphical 
Recorders. 

Rcaltime/Interactions 

Cathode  ray  tubes  and  teletype  units  can  be  used  to  interact  in  realtime  with  the  ('DAS 
if  rei|uired. 


DISTRIBUTION 

lumaround  time  depends  upon  amount  of  data  required.  Photographic  film  is 
developed  in  from  24  to  48  hours.  Oscillograph  records  are  manually  reduced.  Magnetic 
tapes  are  either  reduced  on-site  or  by  CDAS  on  a priority  basis. 


DISPLAYS 

Display  options  include: 

1 . Scope  Displays  - Two,  for  use  at  test  sites 

2.  High  Speed  (iraphical  Recorder  - One  unit  with  six  channels  of  digital-to-analog 
conversion,  with  four  channels  of  strip  chart,  and  two  X-Y  recorders 

3.  Low  Speed  Graphical  Recorders  - Three  K-Loggers,  each  with  100  3-  by  (vinch  X-Y 
plots,  1 point/sec. 

These  displays  are  in  addition  to  on-site  digital  readouts,  oscillographs,  and  CCTV. 
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rahlo  I’-l.  A & [ Laliorator\'  Wcapoiis/Projci-Iilcs. 


Weapons 

I’rojectiles 

20  mm  ( MM  A 1 barrel  1 

20  mm  Al>.  Hall,  HM 

1 4.5  mm  ( Russian  )* 

14.5  mm  AIM 

.50  caliber  (.\NM3  barrel)* 

.50  caliber  .AP,  API  (Velocity  controlleil  1000 

to  2X00  ft /sec 

.50  caliber  (smooth  bore  fragment 

I'ragments  10  to  100  grams  (velocities  to 

launch  tube)* 

5600  ft/sec.  \’aw  controlled  from  0 to 

45  degrees) 

.50  caliber  (rilling  one  twist  to 

14-inch  )* 

.30-06(1017  1 ntlekl)* 

.30  caliber  AP  ami  commercial  (velocitv  con- 

trolled  1800  to  3000  ft  sec) 

^Can  b«  used  at  Building  62  facility. 
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ANNE  X Q - INTRODUCTION 


OVERVIliW 

rhe  U.S.  SK\'I  Rosfan.li  1 ahoratory.  located  in  Monroeville.  I’A,  ol't  the  husiness  route 
ol  I'.S.  Highway  22.  has  as  its  primary  mission  researeli  in  all  areas  of  interest  to  U.S,  Steel. 
Consistent  with  this  overall  ohjeetive.  the  l aboratory  has  an  indoor  ballistic  ranire  operated 
by  the  Heavy  Products  Division  of  the  Laboratory.  The  intloor  facility  was  constructed  in 
l‘H)7  to  lest  potential  l.ink  and  helicopter  armor  component  materials. 

Hie  primary  point  of  contact  for  the  indoor  facility  is  Dr.  Lew  L.  Porter,  Section 
Supervisor  in  the  Heavy  Product  Division,  telephone  4 1 2-.'I72-l  2 1 2,  ext.  2K‘)3.  Armor 
research  is  one  ot  the  areas  under  Dr.  Porter's  supervision. 

(il  NLRIC  AIRCRAIT  SYSTEMS  (SUBSYSTEMS)  TESTED 

riie  U.S.  Steel  Research  Laboratory  ballistic  facility  concentrates  on  the  ballistic 
testmt;  of  steel  armor  plate.  There  is  also  a limited  capability  to  test  plate  or  small 
components  at  temperatures  above  or  below  room  temperature.  Steel  for  armor  seats  tor 
helicopters  has  been  tested  in  this  facility. 


SURVIVABILITY  VULNERABILITY  FACILITIES  OVERVIEW 

Ihere  is  only  one  indoor  facility  available  at  the  U.S.  Steel  Research  Laboratory.  Ihis 
facility  has  approximately  a dO-foot  usable  range  and  can  handle  ..30  and  .50  caliber  and 
20-mm  AP  (armor  piercing),  ball  and  fragment-simulation  ammunition.  Also,  5.5(vinm 
(.22  caliber)  and  shotgun  projectiles  have  been  tired  in  this  facility. 


ACCESS 

Primary  access  to  tins  iiuloor  facility  is  by  road  using  U.S.  Highway  22  Business 
alternate  through  Monroeville,  PA,  to  Monroeville  Boulevard  and  .Jamison  Lane.  Railroad 
facilities  at  Pitcairn.  PA,  can  he  used  as  terminal  points  for  test  items  shipped  by  rail.  All 
airfreight  is  handled  via  the  (ireater  Pittsburgh  International  Airport. 


MAINTENANC  E/ FABRIC  ATlON  CAPABILITY 

.Maintenance  and  fabrication  capabilities  at  the  U.S.  Steel  Research  Laboratory  are 
extensive  as  would  be  expected  for  a major  steel  manufacturer  research  laboratory.  Both 
one  of  a kind  items  and  normal  U.S.  Steel  production  items  can  he  handled  easily  at  this 
facility. 
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KK.ISTK  AL  SUPPORT  C APARIl  ITY 

Powitor  IS  luiriiKilly  houghi  coinmcrcially  by  tlic  l;ihoriilor\'-  Amnuinilion  is  piirclKisal 
Ironi  Ilio  I'.S.  Arnn.  ami  the  .30  and  ..30  caliber,  aiul  20-mni  gun  barrels  are  (lovernment 
property  controlled  In  existing  research  contracts  with  tlv'  AMMKC  (.Army  Materials  ami 
Mechanics  Research  ( enter)  in  Watertown.  ,MA. 


INDOOR  FACI Lints 

MLAVY  PRODUCTS  DIVISION  BALLISTIC  RANCit 
Dimensions 


rile  ballistic  range  is  44  lect  in  total  length  with  only  30  feet  of  usable  firing  range. 
I'he  range  is  lO-feet-wide  by  K-feet-high  and  is  separated  into  two  areas:  launcher/in-llight 
ballistics  area  and  the  targct/terrninal  ballistics  area. 

Weapons  Projectiles  .Available 

I hree  U.S.  Army  supplied  rilled  barrels  are  available  at  this  facility.  .30  and  .30  caliber, 
and  20-mm.  I'he  laboratory  has  its  own  .22  caliber  rilled  barrel,  f ragment  simulators  can  be 
fireil  in  the  four  various  sizes  of  barrels.  Ball  ammunition  is  available  for  .30  caliber  only.  AP 
ammunition  is  available  for  all  barrels  except  .22  caliber. 

Lnvironment 

I he  ballistic  range  is  normally  used  to  test  armor  at  ambient  pressure  and  temperature 
comlitions.  A furnace  can  be  used  to  heat  the  target  to  1 20()°L  for  testing  of  such  articles  as 
turbine  blailes  at  o[X’rational  temperatures,  ami  low-temperature  baths  c.in  be  useil  to  cool 
targets  to  temperatures  between  nrom  temperature  and  li(|uid-nitrogen  temperature 

(-l‘)n°(  ). 

Live  Inert  Hre 

,AP,  ball  ami  fragment-simulation  projectiles  can  be  Tired  on  this  range  into  primari' 
steel  target  plates. 

Safety  (and  Security)  Reriuirements 

.All  firing  is  conducted  from  the  fire  control  nrom.  An  interlock  system  is  useil  to 
prevent  or  interrupt  Tiring  when  personnel  are  either  in  the  terminal  target  area  or  the 
weapon  firing  room.  Amlio  communications  are  available  for  the  terminal  area,  the  weapon 
firing  area,  the  office  area,  as  well  as  the  fire  control  room. 

I here  is  no  capability  to  store  classified  material  weapons  or  documents  at  the  facility 
Itself,  riassitled  documents  are  stored  m a classiTieil  safe  which  is  located  in  Dr.  Porter’s 
office. 
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Boll)  I 10  ;itul  220  VAC  power  is  ;)\:iilahle  at  ll)c  laality.  If  re(|uired,  2X  VIX  could  he 
made  availalde. 

Observation  'Communication 

No  realtime  observation  is  available  m this  taeility.  Commumeation  system  exists 
which  links  the  test  I'irint:  center  with  the  otl'ice  area,  the  launcher  room,  and  the  terminal 
room. 

In-Flight  Ballistic  Instrumentation 

l.A.Sl  R 1*110 KKiR.Al’IlY.  Only  terminal  ballistic  photography  is  useil  on  this  range. 

TIM  INC..  1 V.O  counting  systems  are  used  in  conjunction  with  the  velocits  meters  on 
this  range.  The  first  is  the  Hewlett  Packard  .S2.TM  photo  counter  used  in  coniunction  with 
the  liglit  break  velocity  measurement  system. Hie  second  tinier  is  the  Counter  ( hronograph 
* Model  r.TT^A  used  m conjunction  with  the  paperbreak  velocitv  meters.  Both  velocits 

measurement  devices  use  a ten  foot  baseline  and  are  mounted  in  the  middle  third  ot  the 
ballistic  range. 

I n I I Mi  l K V.  No  telemetry  or  hardwired  functions  are  currentls  available  at  this 

facility. 

Terminal  Ballistic  Instrumentation 


All  high-speed  photography  capability  at  the  C.S.  Steel  Research  l .iborators  is  under 
the  direction  ol  the  Measurement  Research  Section  of  the  1 lectrical  Systems  Division. 
Capability  exists  to  use  up  to  22.000  Iranies/sec  cameras  at  the  laboratory,  lo  d.ite  onis  the 
10.000  trames/sec  cameras  have  been  require  i at  the  liallistic  range. 

In  addition  to  the  realtime  photograhic  capabilits  complete  photographu  lacihties  lor 
post-llight  still  photography  are  available  at  the  Research  l.aboratorv. 

Fnv ironmcntal  Simulation  and  Measurement 

The  only  environmental  simulation  is  the  ability  to  heat  the  target  material  up  to  a 
maximum  temperature  of  I 200°F  prior  to  firing  or  lo  cool  a l.irget  lo  temperatures  between 
room  temperature  anil  hquid-nilrogen  temperature  (-l‘hi°(  ). 

Planned  F.x|)ansion  Modifieation 

No  modific.ilion  or  exp.iiision  is  phinned  lot  this  lacihty  at  this  lime. 
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oiri dook  I uiliiils 


Noik'. 


DATA  HAM)LIN(,  PKO(  LSSING 


All  lI.iI.i  iKiiullm.”  pruccssint:  is  accomplishcJ  tiumiKilly.  DjI.i  arc  taken  on  work  sheet 
forms  aiul  rediieei.1  at  the  offices  of  the  Heavy  I’rocliicts  Division.  Turnaround  time  for  this 
data  reduction  is  less  than  I day  with  a maximum  of  50  sliots  of  .50  caliber  ammunition 
capable  of  beiii”  handled  in  any  one  working  day.  Also  available  if  re(|uired.  by  means  of  a 
high-speed  remote  terminal  at  the  Kesearcli  l.aboratory.  is  a ( l)r-6500  computer  located  at 
the  I'.S.  Steel  Computer  Center. 
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ANNFX  K - /NTRODIXTIO.N 


OVI  KVII  VV 


SwKI  (Soulluvest  Kcsc;ircli  Institute)  is  ;i  not-tor-profit  ortiiini/ation  cievijtcd  to  basic 
aiul  applied  research  that  lias  been  in  operation  tor  26  years.  Laboratory  lacihties  and 
general  otTices  are  mamtaineil  at  K500  Culebra  Koail  in  northwest  San  Antonio.  I X. 


Hie  majority  ot  the  S,  V (survivability/vulnerability ) activities  at  Sw  Rl  are  concen- 
trated in  the  Departments  of  Mechanical  Sciences,  .Vlaterials  Sciences,  and  Structural 
I ngmeering.  Other  departments  such  as  the  U.S.  Army  Fniels  and  l.ubricants  and  I.lectronic 
Ssstems  Research  also  have  some  activity  in  this  fiekl.  I xperiments  and  analytical  programs 
in  the  field  of  S \'  conducterl  by  these  ilepartments  inckule: 


lerminal  Bali.istics 

Oun  Dynamics 

Design  of  Structures  to 
Suppress  L2\ plosions 

Land  Mine  Fd’fects 

Impulsive  Loading 

Shock  and  V'ibration 

Biological  and  I’hychological 
I fleets 


F'.lectromagnefic  Radiation 
M oriel  ing 

Blast  I.oading  of  Systems 
and  Subsystems 

Fuzing 

High  I’ressure  I’hysics 
Inhibition  of  F-uel  F'lres 


File  primary  point  of  contact  concerning  testing  m the  SwRI  facilities  is  Mr.  .Alex  B.  Wenzel. 
Manager,  lerminal  Ballistics  arul  I ngineering  Dv  namics.  telephone  ( 5 1 2 ) tiS4-5  1 1 1 , 


ext.  2311. 


(.1  NLRK  \FR(  R AFT  SY.STl  MS  (.SUB.SY.STLMS)  TLSTFD 

SwRI  perform'-  S/V  testing  on  components  of  the  L'H-IB  helicopter  such  as  the  rotor 
blades,  drive  shatt,  torijiie  tubes,  etc.  In  addition,  the  Institute  has  demonstrated 
considerable  ingenuity  in  S/V  testing  ot  moilel  airborne  systems  such  as  response  of  re-entry 
vehicles  and  high  altitude  missiles  to  blast  loading  ami  blast  loads  on  foreign  aircraft  inside  a 
shelter. 


SURVIVABILITY  VULNE-RABILF I Y F ACFLITILS  OVLRVIFW 

I here  are  live  indoor  and  three  outdoor  designated  facilities  for  conducting  S/V  tests 
ranging  trom  terminal  ballistics,  blast  loading,  shock  and  impulsive  loading,  to  high 
tem|)erature  and  radiation  testing.  Also,  the  111  (high  explosive)  ranges  are  used  for  static 
tests  ol  warheads  for  obtaining  fragment  patterns,  velocity  and  mass  distribution 
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inlorm;ition.  I'licse  labilities  are  well  inslriimenterl  with  x-ray  equiinnent,  hifili-speeci 
eameras,  tape  reeonters,  pie/oeleetrie  aiul  pie/.oresistive  transiliicers,  film  analyzer,  video 
tape  eipiipmenl.  ete.  Hie  indoor  amt  outdoor  liallisties  and  explosive  ranfies  arc  capable  ol 
tinny  live  and;or  inert  projectiles  ayainst  live  aiul/or  inert  targets. 


\C  C I s.s 


S^^KI  lias  excellent  access  liecaiise  it  is  located  on  the  northwest  boundary  of  .San 
.\iitonio.  Road  access  is  through  major  interstate  highway  systems  (Interstates  10  and  3.S). 
.'\ecess  by  air  is  through  the  San  .Antonio  International  Airport.  Kelly.  Randolph  and  Brooks 
■Air  I orce  Bases.  Rail  access  to  San  Antonio  is  available  througli  Southern  Pacific  and  MK'I' 
R.iilroads. 


M AI.NTI  N A.NCF  F ABRIC  ATION  CAPABILITY 

I he  SwRI  central  machine  shop  produces  one-ot-a-kinil  prototypes  as  well  as  sliort 
production  runs.  I'lie  central  shop  services  incliule  major  faiclities  for  welding,  heat  treating, 
macliming  and  (piality  control.  Supplementing  (he  central  shop  facility  are  specializeil 
research  shops  which  Irequently  are  stalfed  for  production  purposes.  The  Welding  Research 
Liboratory,  tor  example,  has  served  to  supplement  the  production  capability  for  stainless 
' steel  production  welding  to  NASA  specifications.  Facilities  at  SwRl  which  have  been  used 

tor  short  production  runs  to  produce  prototype  hardware  for  field  evaluation  include  shops 
tor:  lewelers  precision  machining,  ultra-fine  coil  winiling,  plastic  forming,  electronic 
encapsuhition.  electroplating,  strain-transducer  bonding,  explosive  forming,  rnierowave 
lie.itmg.  aiul  plastic  sealing. 

In  aiKlitioii  to  the  SwRI  machine  shops,  the  San  Antonio  area  has  a wide  variety  of 
maintenance  and  fabrication  businesses  specializing  in  machining  plastic,  fiberglass, 
.iluminum.  sheet  metal,  steel,  wood.  etc.  .Also,  (he  maintenance  and  fabrication  facilities  of 
Hickland,  Kelly,  Randolph  and  Brooks  Air  Force  Bases  and  Fort  Sam  Houston  are  available. 

I LO(,ISTI(  S SUI’K)RT  C APABILITY 

SwRI  possesses  tlie  normal  logisties  capalulity  of  a large  research  organization.  In 
addition,  the  logistics  capability  of  Kelly,  l.ackland,  Randolph  aiul  Brooks  Air  F'orce  Bases, 
,md  Fort  Sam  Houston,  as  well  as  llie  logistics  of  tlie  commercial  establishments  m tlie  San 
^ .Antonio  region  can  Ik'  drawn  on. 

I Several  ordnance  storage  bunkers  exist  on  (lie  Institute  grounds  and  on  tlie  off-site 

liallistic  r.mges. 
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INDOOF^  FACILITItS 


IHL  (TI  RMINAL  BALLISTIC  LABORATORY) 

Dimensions 

The  IBL  is  a multipurpose  iiuloor/outcioor  facility  utilized  as  an  explosives  and 
ballistics  rani:e  facility.  Current  firings  are  primarily  conducterl  at  ranges  of  less  than 
100  feet  in  a tunnel  that  is  lO-feet-high  hy  IK-feet-wide  by  40-feet-deep.  Though  easilv 
accessible,  it  is  located  several  hundred  yards  from  the  center  of  the  Institute  complex. 

Weapons  Projectiles  Available 


The  TBL  range  facilities  have  been  previously  used  for  iliversilied  experimentation  with 
a variety  of  weapons  ranging  from  .22  caliber  (.‘s..‘ib-mm ) up  to  .S7-mm  projectiles.  Through 
the  use  of  smooth-bore  barrels,  long  rods  and  irregular  shape  projectiles  have  also  been 
tested  for  exterior  and  terminal  ballistic  effects.  I'xplosively  launched  projectiles  such  as 
flyer  plates,  shaped  charges  and  HI- 1 (high  explosive  incendiary)  ammunition  tests  against 
explosive  and  tlammablc  targets  are  also  conducted  in  this  facility. 

Lnvironment 

There  is  no  overall  capability  for  environmental  control.  However,  by  special  design  of 
the  target  or  impact  chambers,  environmental  control  of  the  target  environment  has  been 
conducted  for  temperatures  ranging  from  -200°L  up  to  ■h2()()°T, 

Uve/lnert  Fire 

This  facility  is  capable  of  firing  live  or  inert  projectiles  against  live  or  inert  targets.  HTI 
ammunition  against  fuel  target  tests  have  been  conducted  in  the  TBI  . 

Safety  (and  Security)  Re(|uirements 


SwKl  has  a Top  Secret  Facility  Clearance,  and  classified  materials  and  equipment  can 
be  accommodated.  The  TBL  has  been  built  according  to  State  and  Federal  safety  regulations 
anil  has  been  approved  for  ballistic  and  explosive  testing  by  the  U.S.  Army  Ballistic- 
Research  Laboratories  Safety  Office  and  cogni/ant  DCASR  office.  .All  safetv  related 
functions  are  controlled  from  the  control  instrumentation  room.  Warning  lights  and  sirens 
are  installed  lor  safety  purposes. 

Power  Availability 

220  volts,  .Cphase  power  and  standard  I 10  volts  commercial  power  are  available  in  the 
instrumentation  room  and  firing  chambers.  There  are  approximately  I .*>  kW  of  power 
available  to  the  facility. 
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Olisen  ation  C (unniinication 


rdcphoiu's,  as  well  as  an  imloor  oiitiloor  intcrci>m  system,  are  available  throufibout 
the  taeility.  I Iritif;  ranges  are  evaciiatetl  for  tirmgs. 

I II- F light  Hallistic  Instninientalioii 

IASI  K I’HOrOiiRAIMl'l'.  A number  ot  make  or  break  eireuits  screens  to  measure 
velocities  or  trigger  the  x-ray  units  are  useJ  for  ballistic  applications. 

1 IMINCi.  Timing  is  provideii  by  electronic  counter  chronographs  to  ’0.1  |jsec 
accuracy. 

HAKDWIKI  II  IIMI  IK'i'.  1 he  I HI  h.is  available  two  instrumentation  tape  re- 
corders, the  .\mpe\  1 1<-181)()1  aiul  the  .Amiiex  I K- 1 000.  The  I'ormer  is  eiiuippeit  with 

14  channels  ot  I S- 100  electronics  allowing  IK  to  20  kll/.  record  and  replay  capabilities  with 
,S/N  40  dll.  This  IS  considereil  an  intcimedi.ite  band  I N1  system.  I'he  I K- 1 000  tape  rcconlcr 

15  equipped  with  14  channels  with  Widebaml  II  electronics  and  high  treciueiicy  record- 
reproduce  heads  allowing  DC  to  500  kll/  record  and  replay  capability  lor  S'N  25  dll.  The 
1000  Is  one  ot  the  latest  high  tret|uency  tape  recorder  systems  ottered  by  Ampe.x.  Both  tape 
recorders  have  been  trei|uently  used  tor  on-site  testing,  tape  dubbing,  and  statistical  ilata 
analysis  ot  existing  tapes.  A considerable  atnount  ot  IX'  electronics  is  also  available  for  these 
tape  recorders  in  the  event  higher  trei|uency  capability  should  be  needed. 

1 HI  utilizes  a variety  ot  transducers  to  measure  pressure,  acceleration,  stress-strain, 
etc.  These  include  manganin  gages.  .Atlantic  I.C-.CC  Susijuehanna  S14,  and  various  moilels  of 
Kistler  pressure  transducers,  l-.ndevco.  Kistler  anil  .Statham  accelerometers,  and  a complete 
spectrum  of  strain  gages  and  associated  amplifiers  and  eipiipinent.  I ransdiicer  calibration  is 
carried  out  m-house  with  the  use  ot  our  shaker  systems,  shock  tube.  IHl  designed 
pressure-calibration  ei|uipment,  load  frames,  and  similar  devices.  IHL  has  transducers  which 
have  been  designed  and  built  for  special  purposes.  In  addition.  I HL  has  a number  of  circuits 
which  have  been  specially  designed  for  the  function  ot  matching  transducers  and  associated 
eiiui|unent  would  cover  a wide  range  of  applications,  but  we  have  and  could  design  other 
such  apparatus  tor  special  test  reiiuirements. 

I Tcnriinal  Hallistic  instnimentation 

i 1 ASI  K IMIOTCXiK.APHY.  The  THL  is  equipped  with  six  channels  of  x-ray.  l-our 

IIHOkV)  cliannels  have  orthogonal  capability,  and  the  other  two  tl50k\')  are  single- 
channel units.  Ihe  IHL  is  also  equipped  witti  its  own  darkroom  tor  processing  and 
developing  x-ray  Him. 

> Ihe  IHL  has  a high-speed  camera  capable  of  I 1 .000  frames,/sec.  An  1 lectronic  Time 

i Delay  (ienerator  is  available  with  three  channels  of  1000  to  10.000 /jsec  delays  in  each 

channel.  A single-sweep  trigger  lockout  device  ensures  against  inadvertent  multiple  sweeps 
that  can  obscure  valuable  data.  Lor  time  sequencing  greater  than  10/jscc.  a cam  trigger  is 
available  that  can  program  a multitude  of  events  from  several  milliseconds  iqr  to  several 
seconds.  Lhis  device  possesses  enough  amperage  capacity  to  supply  the  high-speed  camera 
which  comes  equipped  with  fail-sale  lockouts.  Other  high-speed  training  c.imeras  of  this 
type  are  available  at  the  Institute.  Associated  witli  these  cameras  we  have  Him  viewers  and 
editors  as  well  as  developing  equipment. 
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I IMIN(i.  liming  is  provuleJ  by  coiinicr  dironogniphs  with  ±0.1  /iscc  accuracy. 

IIARDWl Kl  ,'  1 1 1,1  Mb, IKY.  I HI  has  available  numerous  oscilloscopes  and  scope 
plug-in  units,  many  with  special  capabilities  such  as  dual  beam,  variable  time  delay,  memory 
display.  4-eh,mnei  chopped  display,  etc.  Hanks  of  such  scopes  have  been  used  m coniunction 
with  .iv.iilable  C-.^OA  scope  cameras  in  obtaining  multichannel,  time-coherent  records  of 
liat.i  such  as  blast  parameter  measurements  about  the  nui//les  of  small  arms,  stress-time 
strain-time  measurement  m dynamically  loaded  materials,  impulse  simultaneity  measure- 
ments in  blast-loaded  structures,  etc. 

for  the  simultaneous  recording  of  multiple  events  in  a time-coherent  lashion  where 
treiiuency  response  m the  low  Ireiiuency  acoustic  range  (below  ,'ikll/)  is  sulticient.  a 
number  of  oscillographs  and  strip  chart  recorders  are  available.  I hese  include  a 1 7-  ami  a 
.^(>-channel  ( hC  Recording  Oscillograph  with  associated  galvanometers  (for  a number  of 
trequency  ranges),  as  well  as  Cb.C'  (ialvo  Driver  ( ircuits.  a CIC  IX-channel  direct  print 
oscillograph,  a Miller  type  “W"  oscillograph,  and  all  necessary  record  processing  e(|uipment. 

•Additional  oscillographs  are  available  it  a greater  number  of  channels  are  reciuired.  In 
addition  to  oscillographs,  we  have  a wide  spectrum  of  recorders  including  2-  and  b-channel 

♦ Sanborn  pen-recorders,  Moseley  ,X-Y  recortlers.  etc.  The  Sanborn  recorders  have  been  used 
to  record  displacement-time  histories  of  ballistic  pendulums  during  ballistics  testing. 

SwRI  has  a (ierber  Digital  Data  Reiluction  .System  Moilel  (iI)DRS-.M5  which  has  been 
usetl  to  analyze  oscillograph  traces,  oscilloscope  pictures  and  other  analog  data  records.  It 
will  read  to  l()‘-  inch.  Its  output  is  punched  canls  in  a format  chosen  by  the  operator.  These 
c.iuls  are  punched  out  on  an  IBM  punch  card  device  associated  with  the  (lerber  which  allows 
tor  additional  data  to  be  punched  r)ii  each  caril  if  desired,  as  well  as  the  automatic  record 
read-out.  SwRI  has  a Vanguard  Motion  .Analyzer  lor  analyzing  high-speed  nim.  TBL 
personnel  have  eonsuierable  experience  in  the  reiluction  of  data  from  records  both  through 
the  use  of  such  equipment  and  with  batteries  of  human  data  reducers.  1 

lo  obtain  terminal  ballistics  data  where  the  target  is  placed  under  load  prior  to  impact, 
a 20().0()()-pouml,  closetl-loop  controlled,  hyilraulic  testing  machine  is  available  for  this 
•ipphcation.  I he  biaxial  mactime  is  c.ipable  of  applying  loading  along  the  vertic.il  and 
horizontal  axes. 

( 

J ♦ II  LtIMPlJLSIVI  lOADIND  LABORATORY) 

Dimensions 

I lie  II  I was  specifically  designed  for  the  application  of  light-sensitive,  sprayed 
explosive  techniques  lor  impulsive  loading  of  large  structures  requiring  high-order 

# simultaneity,  as  well  as  constant  and  cosine  or  cosine-siiuare  varying  impulses.  The  primary 
facility  is  a lOOOft-  laboratory  containing  two  test  cells,  a combined  control  and 
instrumentation  room,  and  a room  for  numufaeturing  ex|->losives.  I'his  facility  is  also  used 
for  makeup  ot  small  conventional  explosive  charges,  and  subscale  explosive  testing. 

Vulnerability  blast  studies  ol  a n odel  of  a tbreign  aircraft  in  a hangar  were  conducted  in  this 
facility. 
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VVeapons  \vailal>lc 

I mfil-soiisilivo  c X I'll )M vfs  Mill)  as  SASN  (mIvit  .ili'Iv liils'-silvor  nitrate)  arc  inanutac- 
turcii  ami  tcstcil  in  tins  lasilitx.  I he  laeilitx  san  also  aeeominoi.late  small  arms  lirins’s  up  to 
.aO  saliher.  lestine  ol  lu/es,  primers  aiul  sensitivity  stiulies  of  propellants  ami  explosives  are 
eoiulueteil  m this  laeility . 

t.iiviroiiineiit 

I aeilitv  has  controls  lor  temperature  arul  humiility. 

Live  Inert  Fire 

lave  projectiles  up  to  1 /H-pouiul  TNT  etiuivalent  ami  inert  projectiles  can  be  tired. 
Makeup  ol  slieet  explosive  ami  miniature  explosive  charges  is  possible. 

Safety  land  Seeurity)  Requirements 

Hecause  of  the  hazard  of  the  light-sensitive  explosives,  stringent  safety  regulations  are 
tollowed  in  this  facility.  Clas.sified  materials,  targets  and  equipment  are  handled.  All  firings 
are  conducted  remotely  from  the  control  room. 

Po wer  .Availability 

. JO  vo"  . 3-phase  and  standard  1 10  volts  commercial  power  are  available. 

Observation  v ommuni<  ation 

(■(TV^  (closed  V ..lilt  teli  i ) coverage  is  available  for  tests  in  either  ofthe  test  cells. 
Telephone  communications  a iv  ible. 

Instr’-n'pntation 

I-  ’ilition  to  the  instrumentation  quoted  for  the  I BL,  this  laeility  is  also  equipped 
witli  ''hstic  pendulums  for  measurement  of  total  impulses.  .Also,  for  sensitivity  and  heats 
of  explosion  measurements  tliis  facility  is  equipped  with: 

1.  Impact  Drop  Test  F,quipment 

2.  Friction  Sensitivity  liquipment 

3.  Spark  .Sensitivity  F’quipment 

4.  .Series  1300  Parr  Bomb  Calorimeter  with  the  Parr  1 104  High  Pressure  Bomb. 
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OUTDOOR  FACILITIES 


TBL  (TERMINAL  BALLISTICS  LABORATORY) 

Dimensions 

'■'!  ■'  '’iKllipurpose  iiuloor-oiitdoor  ninge  utilized  as  an  explosive  and  ballistic 
range  lacility.  llie  range  is  at  least  ‘JOG-Ceet-deep  without  obstruction.  Tlie  facility  is  used 
tor  obtaining  exterior  and  terminal  ballistics  information,  gun  dynamics,  blast  loading  of 
structures,  muzzle  blast,  ettects  of  landmines,  hypervciocity  impact  using  explosive 
projection  techniques,  explosive  forming,  vulnerability  of  fuel  targets,  effects  of  gaseous 
explosions,  etc.  Firings  requiring  ranges  greater  than  900  feet  but  not  exceeding  1 500  feet 
can  be  accommoilated  with  some  modification  to  the  existing  range. 

Wca|)ons/Projcctilcs  Available 

This  facility  is  capable  of  firing  from  5.56-  up  to  57-mm  projectiles  and  0.5-inch 
rockets.  The  weapons  systems  for  the  larger  calibers  as  well  as  the  projectiles  are  government 
lurnished.  The  facility  has  a .Tpound  limit  for  HE  work.  For  larger  quantities  of  explosives 
or  projectiles,  other  outdoor  facilities  are  available. 


Environment 


I here  is  no  overall  capability  for  environmental  control.  Specific  control  of  the 
environment  around  the  target  can  be  accomplished  by  special  design  in  accordance  with  the 
program  needs. 


Live/lnerl  Fire 


Fins  facility  is  capable  of  firing  live  or  inert  projectiles  against  live  or  inert  targets. 
Safety  (and  Security)  Requirements 

SwKI  has  a lop  Secret  Facility  fTearance,  and  classified  materials  and  equipment  can 
he  accommodated.  As  it  was  the  case  for  the  indoor  facility,  the  TBL  outdoor  facilities  have 
been  approved  tor  ballistic  and  explosive  testing  by  the  U.S.  Army  Ballistic  Research 
Liboratones  .Safety  Office  and  the  cognizant  DC'ASR  office.  All  safety  related  functions  are 
controlled  from  tlie  control/instrunientation  room.  Warning  lights  and  sirens  are  installed 
tor  safety  purjioses. 

Power  Availability 

220  volts,  .Tphase  power  and  standard  I 10  volts  commercial  power  are  available. 
Observalion/Communication 


leleptiones,  as  well  as  an  indoor/outdoor  intercom  system,  are  available  throughout 
the  facility.  Movie  cameras  for  realtime  observation  as  well  as  video  equipment  are  available 
when  required. 
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In-F  lii’lit  Bill listic  liislruinenl.ition 

I ASt  R THOKKiKAPIIV.  A number  ol  make  or  lircak  eircuit  screens  to  measure 
velocities  or  trigger  the  x-ray  units  are  used  for  hallistie  applications. 

1 IMlN(i.  Timini:  is  provided  by  electronic  counter  chronographs  to  ±0.  Ipsec 
accuracy. 

1 1 A R I )\V  I R I . r I 1 . 1 Min  R Y.  The  IBl.  has  available  two  instrumentation  tape  re- 
carrders,  the  .Ampex  I'R-IXOO-L  and  the  Ampex  FR-l‘f00.  The  former  is  equipped  with  14 
channels  ol  LS-lOO  electronics  allowing  DC  to  20  kll/  record  and  replay  capabilities  with 
S/N  40  dB.  This  is  considered  an  intermediate  band  I M system.  The  I'R-ldOO  tape  recorder 
is  equipped  with  14  channels  with  Wideband  II  electronics  and  high  frequency  record- 
rcproduce  heads  allowing  DC  to  500  kHz  record  and  replay  capability  for  .S/N  25  dB.  The 
DfOO  is  one  of  the  latest  high  frerpiency  tape  recorder  systems  offered  by  Ampex.  Both  tape 
recorders  have  been  fre(]uently  used  for  on-site  testing,  tape  dubbing,  and  statistical  data 
analysis  of  existing  tapes.  A considerable  amount  of  DC  electronics  is  also  available  for  these 
tape  recorders  in  the  event  higher  freciuency  capability  should  be  needed. 

TBl.  utilizes  a variety  of  transducers  to  measure  pressure,  acceleration,  stress-strain, 
etc.  These  include  manganin  gages,  Atlantic  LC-.T5,  Susquehanna  ST4,  and  various  models  of 
Kistler  pressure  transducers,  liiulevco.  Kistler  and  Stathani  Accelerometers,  and  a complete 
spectrum  of  strain  gages  ami  associated  amplifiers  and  equipment.  Transducer  calibration  is 
earned  out  in-house  with  the  use  of  our  shaker  systems,  shock  tube,  TBL  designed 
pressure-calibration  e<iuipment,  load  frames,  and  similar  devices,  TBL  has  transducers  which 
iiave  been  ilesigned  and  built  for  special  purposes.  In  addition,  TBL  has  a number  of  circuits 
which  have  been  specially  designed  for  the  function  of  matching  transducers  and  associated 
ecimpmcnt  would  cover  a wide  range  of  applications,  but  we  have  and  could  design  other 
such  apparatus  for  special  test  ret|uirements. 

Terminal  Ballistic  Instrumentation 

1 ASl  R 1*110 KKiRAI’llY.  Lhe  LBl.  is  ecjuipped  with  six  channels  of  x-ray.  I'our 
(180kV)  channels  have  orthogonal  capability,  and  the  other  two  (150kV)  are  single- 
channel units.  The  LBL  is  also  eiiuipped  with  its  own  darkroom  for  processing  and 
developing  x-ray  film. 

Tlie  I BL  has  a high-speeil  camera  capable  of  I 1 ,000  frames/sec.  An  Llectronic  Time 
Delay  Cienerator  is  available  with  three  channels  of  1000  to  l0,00(Jpsec  delays  in  each 
channel.  A single-sweep  trigger  lockout  device  ensures  against  inadvertent  multiple  sweeps 
that  can  obscure  valuable  data.  Lor  time  sequencing  greater  than  lOpsec,  a cam  trigger  is 
available  that  can  program  a multitiuie  of  events  from  several  milliseconds  up  to  several 
seconds.  Lhis  ilevice  possesses  enough  amperage  capacity  to  supply  the  high-speed  camera 
which  comes  c(|uippetl  with  fail-safe  lockouts.  Other  high-speed  framing  cameras  of  this 
type  are  available  at  the  Institute.  Associated  with  these  cameras  we  have  I'llm  viewers  and 
editors  as  well  as  developing  equipment. 

I IMINO.  l iming  is  provideil  by  counter  chronographs  with  ±0.1  gisec  accuracy. 
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HARDWIRt  ''Tt- Ll'MI  TRY.  Mil.  has  available  numerous  oscillosccrpes  and  scope 
plug-in  units,  many  with  special  capabilities  such  as  dual  beam,  variable  time  delay,  memory 
disiday,  4-channel  chopped  ilisplay.  etc.  Banks  of  such  scopes  have  been  used  in  conjunction 
with  available  C-30A  scope  cameras  in  obtaining  multiple-channel,  time-coherent  records  of 
data  such  as  blast  parameter  measurements  about  the  mu/./les  of  small  arms,  stress-time 
strain-time  measurements  in  dynamically  loaded  materials,  impulse  simultaneity  measure- 
ments in  blast-loaded  structures,  etc. 

lor  the  simultaneous  recording  of  multiple  events  in  a time  coherent  fashion  where 
freiiuency  response  in  the  low  frequency  acoustic  range  (below  .S  kll/)  is  sufficient,  a 
number  of  oscillographs  and  strip  chart  recorders  are  available.  I'hese  include  a 17-  and  a 
.36-channel  Cl:('  Recording  Oscillograph  with  associated  galvanometers  (for  a number  of 
freiiuency  ranges),  as  well  as  O-X'  Galvo  Driver  Circuits,  a C’EX’  IX-channel  direct  print 
oscillograph,  a Miller  type  “W”  oscillograph,  and  all  necessary  record  processing  equipment. 
Additional  oscillographs  are  available  if  a greater  number  of  channels  are  required.  In 
addition  to  oscillographs,  we  have  a wide  spectrum  of  recorders  including  2-  and  6-channel 
Sanborn  pen-recorders,  Moseley  X-Y  recorders,  etc.  The  Sanborn  recorders  have  been  used 
to  record  displacement-time  histories  of  ballistic  pendulums  during  ballistics  testing. 

SwRl  has  a Gerber  Digital  Data  Reduction  System  Model  GDDRS-3B  which  has  been 
used  to  analyze  oscillograph  traces,  oscilloscope  pictures  and  other  analog  data  records.  It 
will  be  read  to  I O'--  inch.  Its  output  is  punched  cards  in  a format  chosen  by  the  operator. 
Diese  cards  are  punched  out  on  an  IBM  punch  card  device  associated  with  the  (ierber  which 
allows  for  additional  data  to  be  punched  on  each  card  if  desired,  as  well  as  the  automatic 
record  read-out.  SwRI  has  a Vanguard  Motion  Analyzer  for  analyzing  high-speed  film.  TBI. 
personnel  have  considerable  experience  in  the  reduction  of  data  from  records  both  through 
the  use  of  such  equipment  and  with  batteries  of  human  data  reducers. 

To  obtain  terminal  ballistics  data  where  the  target  is  placed  under  load  prior  to  impact, 
a 20().000pound.  closed-loop  controlled,  hydraulic  testing  machine  is  available  for  this 
application,  i'he  biaxial  machine  is  capable  of  applying  loading  along  the  vertical  and 
horizontal  axes. 


C AMP  BULLIS  FAC  ILITIES 
* Dimensions 

Hie  Gamp  Bullis  Facility  is  an  outdoor  range  facility  used  for  explosive  and  ballistic 
testing.  I tiis  is  an  Army  facility  controlled  by  Fort  Sam  Houston,  TX.  SwRI  has  a working 
arrangement  with  Camp  Bullis  to  utilize  its  facilities  for  government-sponsored  projects  for 
firing  of  large  caliber  projectiles  from  artillery  weapons  to  large  quantities  of  explosives. 
Iliis  facility  is  located  I .S  miles  from  SwRI  and  has  an  established  range  area  for  performing 
the  above  mentioned  testing.  File  established  ballistic  facilities  are  approximately  500-feet 
wide  by  200(Ffeet  long.  However,  Camp  Bullis  has  approximately  100  square  miles  of  real 
estate,  and  the  capability  for  ranges  larger  than  2000  feet  exists.  Special  permission  from 
Fort  Sam  Houston  otficials  is  required  for  ranges  in  excess  of  2000  feet. 

» 
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Weapons/ ProjcfCilcs  Available 


Ihis  facility  is  capable  i)l  ririnj:  any  large  caliber  projectile  which  is  lired  from  an 
artillery  weapon  system.  Camp  Biillis  officials  recpiire  that  any  large  caliber  projectile  firecJ 
be  stopped  safely  within  the  coniines  ot  the  range.  This  facility  also  has  tlie  capability  of 
detonating  explosive  charges  up  to  several  hundred  pounds  ol  I'NT  ec|uivalent.  All  large 
caliber  weapon  systems,  priijectiles  and  explosive  warheads  are  furnished  by  the 
government. 

Ijivironment 

There  is  no  overall  capability  for  environmental  control.  Specific  control  of  the 
environment  around  the  target  can  be  accomplished  by  special  design  in  accordance  with  the 
program  needs. 

Live  Inert  Fire 

Both  live  and  inert  projectiles  can  be  fired  against  live  or  inert  targets. 

Safety  (and  Security)  Requirements 


Camp  Bulbs,  as  an  Army  facility,  has  local  security  including  Military  Police.  Classified 
materials  and  equipment  can  be  accommodated.  Standard  government  safety  regulations  for 
operation  of  ballistic  and  explosive  ranges  are  applied. 

Power  Availability 


Because  of  the  open  nature  of  the  facility,  all  data  aajuisition  e(|uipment  is  housed  in 
mobile  trailers  controlled  by  SwKI.  LS  kW  power  generation  lurnishmg  220  volts,  3-phase 
and  1 I 0 volts,  bO-cycle  power  is  available. 

Observation  Communication 


Telephone  as  well  as  radio  communication  is  available  throughout  the  facility.  Movie 
cameras  for  realtime  observation  as  well  as  video  tape  equipment  are  available  when  needed. 

Instrumentation 


Same  instrumentation  is  available  at  this  facility  as  that  described  for  the  TBl, 
facilities.  The  instrumentation  is  brought  from  SwRI  in  mobile  trailers.  Heavy  equipment 
support  such  as  cranes,  forklifts,  bulldo/.ers,  frontloaders,  etc.,  is  available  from  the  Army, 
■Most  other  heavy  equipment  commonly  needed  for  the.se  applications  is  also  available  in  San 
Antonio. 
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DATA  HANDLING  I’KOC  LSSING 


DATA  STORAGt  AND  RETRILVAL 

riie  data  collected  at  these  facilities  are  m the  form  of  photographs  (optical,  x-ray,  or 
shadowgraph),  oscilloscope  traces,  analog  recoriiings  on  magnetic  tape,  video  tape,  and 
high-speed  films.  These  data  are  either  mamially  reiluced  or  digitized  by  the  (ierber 
machine.  When  reijuired,  the  data  are  keypuncheil;  storage  is  available  on  either  disc  or 
magnetic  tape. 


yi' K K-  LOOK  C AP ABl  LITI ES 

I’hotographs  are  available  from  I minute  (test  site  processings)  to  I day  after  the  test. 
Data  reduction  from  photographs  requires  at  least  4 hours,  depending  on  the  record  length 
and  the  extent  of  data  to  be  extracted  from  the  photographs. 


PROCESSING 
System  and  Model 

_c — 

SwRI  is  equipped  with  two  programmable  terminals  (Data  General  Super  Nova),  one 
high  speed  and  another  ol  moderate  speed,  used  to  access  computer  systems  nationwide. 
The  high-speed  terminal  is  used  primarily  with  a CYBER  74  over  a dedicated  4600  baud 
transmission  line  and  gives  the  staff  immediate  access  to  one  of  the  most  powerful  computer 
systems  available  anywhere.  However,  when  the  need  arises  because  of  unique  applications 
programs  available  on  other  computer  systems,  the  moderate  speed  terminal  is  used,  over 
shared  access  transmission  lines  (2000  to  3600  baud),  to  give  the  staff  access  to  diflerent 
computer  systems  from  coast  to  coast  (e.g.,  IBM  360/85,  Univac  1 108  and  CDC-6600).  litis 
technique  is  limited  only  by  voice  grade  transmission  line  facilities.  Numerous  teletype 
terminals  throughout  the  Institute  enable  the  staff  to  use  conversational  techniques  on 
several  different  computer  systems  having  on-line  time-sharing.  .All  ADP  equipment  and 
services  necessary  to  provide  support  are  readily  available  on-site. 

As  the  primary  off-site  facility,  the  CYBER  74  computer  system  has  hardware 
capabilities  for  performing  scientific  oi  data  processing  jobs  and  includes  a 131,072  word 
mernor>'  each  word  contains  60  bits.  It  has  a powerful  processor  and  1 8 input/output 
channels  connected  to  14  peripheral  processor  which  can  handle  high-speed  card  readers, 
high-speeil  printers,  tape  drives,  large  capacity  random  access  discs,  plotters  and  teleprocess- 
ing equipment.  With  this  tlexibility  of  input/output  devices  and  an  internal  processing  speed 
of  100  nsec,  the  throughput  of  the  system  makes  routine  jobs  extremely  economical.  The 
Computer  Lab’s  high-speed  terminal  which  will  read  cards  at  600  per  minute  and  print  to 
1000  lines/mm  via  a high-speed  transmission  line  gives  the  Institute  staff  essentially  the  same 
kind  of  access  and  response  that  one  would  have  at  the  computer  site. 

In  addition  to  the  tlexible  high-speeil  terminal,  SwRl  has  a Hewlett-Packard  HP2100.A, 
24,000  iligital  computer. 
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t^muiKigc 

Hccaiisc  of  the  rii-\ihilil\  of  tlie  SwKI  compul.ition  sysicin,  virtually  any  major 
vom|Hiti.’r  latiguagc  may  be  userl.  The  tbllowing  languages  are  rouiinely  used  at  this  laeility: 

I.  rORIKAN 
roMl’ASS 

3.  (OIU)l 

4.  BASK 

This  laboratory  is  a member  of  \'IM  ((T)(-66()0  User's  (iroup)  and  l OCUS  |(T)('-30()0 
User's  (Iroup)  as'd  has  aeeess  to  these  entire  user's  libraries. 

Output  Options 

1.  '>t)00  haiul  transmission  line  (high-speed  terminal) 

2.  2U00  to  .3(4)0  baud  transmission  line  (moderate  speed  terminal) 

.3.  ( ard  readers  ( bOO  epin ) 

4.  l.me  printers  ( 1 200  epm) 

Realtime  Interaetioii 

Tile  Ml’2005('  Realtime  Data  Aecpiisition  .System  for  SwRI  eonsists  of  four  modules; 
the  h.ngine  laboratory  Data  .Aeiiuisition  System,  the  I’ngine  Laboratory  .Software 
Ds-velopment  System,  the  lll’20U).\  Data  Acquisition  Terminal,  and  the  Analog-ti>-Digital 
Converter  System. 

The  I ngine  Laboratory  Data  Acquisition  System  is  eontlgured  around  an  HP21J0.A 
24.000  digital  computer.  The  system  has  800  analog  input  eliannels.  a disk  storage  capacity 
of  2.5  million  wonts,  an  ASR.3.S  teletype  for  operator  control  and  system  output,  a 
high-speed  paper  tape  reader,  a cornmunieations  line  to  the  software  development  system 
with  transfer  rates  up  to  .34,.S()0  words/sec,  and  a k'‘yhoard/display  unit  for  on-line 
monitoring  of  the  system. 

The  I ngme  Laboratory  Software  Development  System  is  also  configured  around  an 
111’210()A  24, ()()()  digital  computer.  Liquipment  includes  an  incremental  plotter,  a 

2..3  million  word  disk  storage  unit,  two  7-track  magnetic  tape  units,  an  optical  card  reader,  a 
high-speed  paper  tape  reader,  a high-speed  paper  tape  punch,  a 200  hne/min  line  printer,  an 
ASK-3.3  teletype,  and  a communications  line  to  the  data  acquisition  system. 

The  201 ‘)  Data  Ac(|uisilion  T'crininal  is  a backup  data  logger  for  the  I ngine  Laboratory 
Data  Acquisition  System.  TTie  terminal  will  sequentially  scan  800  analog  input  channels  and 
will  record  the  data  on  a Kennedy  IbOOA  magnetic  tape  unit  at  .SOO  characters/sec  write 
rate,  with  a 5^(i  BIM  density. 
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riic  Analoi!-lo-l)ii;it;il  Convortor  System  lias  boon  clesiuned  to  aa)uire  data  on  line  from 
various  SwRl  Laboratories  and  also  to  convert  data  on  analo}:  inaiinetic  tapes  to  diintal  lortn 
tor  processing  on  the  Central  ( ompuler  Systi.-m.  I'lie  system  is  con/li'urcd  around  the 
I1I’2I00S  Digital  Computer.  All  lb  analog  inputs  are  smiultaneously  sampleil  ami  held,  then 
processed,  by  the  l!l’2.^1()C  high-speeil  data  acaiuisiton  subsystem.  Mass  storage  is  provided 
via  the  Hl’'^b7()l  Tape  Unit.  Die  Keyboard  Display  Unit  is  the  I ll’d7.S2.\  I cleprinter. 
Soltware  capability  is  conrigureil  around  the  IK'S  (Basic  Control  System)  communicatin'! 
vMth  a Kealtime  Lveculive  System. 


DISIRIBLITION 

I'lirnaround  lime  is  highly  dependent  upon  the  amount  at  d.ita  to  be  processed 
( minmuini-realtitne ).  I'liroughput  of  the  high-speed  terminal  is  100  nsec. 
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ANNLX  S - INTRODUCTION 


OVT  RVII  W 

I'Ik’  I xplosivo  Orilnancc  Dcpartmcnl  of  the  AAI  Corporation  eoiuhicts  engincermi: 
liesi^in  atul  ilcvclopinont  prourams  lor  ileviccs  aiul  systems  that  use  explosives  or  propellants. 
Specific  llekls  ol  interest  incliule  small  arms  ami  maior  caliber  weapons  ammunition, 
c.irtrulee-actuateil  tlevices.  chemical  rmlnance,  underwater  ordnance,  and  missile  compo- 
nents. In  support  of  the  engineering  staff,  and  under  departmental  supervision,  are  the 
Ordnance  Model  Shop,  l.oailing  and  .Assembly  l acilities.  and  Range  Testing  l acilities. 

The  A.AI  Corporation  is  located  in  Cockeysville.  MI),  7 miles  north  of  Baltimore  on 
M.irsl.iml  Route  45  on  approximately  SO  acres.  Fhey  offer  the  specialized  ,iiul  precise  range 
instrumentation  essential  to  the  ilevelopment.  testing  and  evaluation  of  weapon  systems  .md 
ammunition  up  to  and  including  I 57-mm. 

Idle  primarx  point  of  contact  for  use  of  this  facility  is  Mr.  Richard  (I.  Strickland. 
M.mager.  1 xplosive  Ordnance  Department,  telephone  .701-606-1400. 


(;IM  RIC  AIRCR  AI  T SYSTI  MS  iSUBSYSTUMS)  TLSTI 1) 

Ihe  A.Al  Corporation  has  facilities  for  ballistically  testing  all  aircr.ilt  systems  and 
subsystems.  Small  fixed-  ami  rotary-w  ing  aircraf  t can  lu*  accommodated.  ( I Ichcopters  couhl 
lamt  on  the  plant  grounds.)  (ielatin  blocks  are  also  used  for  test  pilot  v ulner.ibility. 


SURVIVABILITY  VULNURAHILITY  OVl  RVILW 

riie  A.Al  Corporation  onlnance  testing  capability  inchules  three  imloor  ranges  (,)()  ami 
70  feet,  ami  100  yards)  and  three  outdoor  ranges  (three  100  foot  ranges).  Inert  or 
inceruliary  projectiles  less  than  20-mm  may  be  fired  inside.  III.  (high  explosive)  projectiles 
up  to  57-mm  may  be  tired  on  the  outdoor  ranges.  A low  velocity  (under  .lOO  ft^sec)  grenade 
range  is  also  available  (400  meters). 


A(( I SS 

Access  to  the  AAI  Coriioration  is  by  road.  The  plant  is  approximately  7 miles  north  ot 
Interstate  695  and  1 mile  west  ot  Interstate  X.l,  Helicopters  could  be  landed  on  the  plant 
grounds.  Baltimore’s  BWI  Airport  is  .70  miles  southwest. 


M AINTI  NANCL/I  ABRK  ATION  CAPABILITY 

l acilities  are  availalile  for  maintenance  and  fabrication  ol  weapons  systems  and 
ammunition,  as  well  as  jigs,  fixtures,  ami  sjiecial  range  instrumentation. 
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I 

I 0(,ISTI(  \L  SUPPORT  ( \P AHIUTILS 

Storage  lacilitics  arc  available  lor  storage  of  up  to  (lOO'J  pouiuls  ol  explosives, 
propellants,  aiul  relateil  ordn.mee  components.  Projectiles  up  to  57-niin  can  be  reloaded. 


INDOOR  F ACILITIHS 


.U)-l  OOl  AND  100-YARD  INDOOR  RANfitS 
Dimensions 


rtie  .^0-foot  and  100-yard  ranges  are  located  adjacent  to  one  another  under  AAI's  main 
pla.it  facility.  I hey  share  a common  15-  by  20-foot  firing  room  and  adjacent  15-  by  20-foot 
instrumentation  room.  Another  <>-  by  b-foot  instrumentation  room  is  located  at  the  eiul  of 
the  100-yard  firing  lane.  I'tie  firing  lanes  are  b by  b feet  constructed  of  reinforced  concrete. 
S.ind  butts  are  located  at  the  end  of  each  range. 

Weapons  Projectiles  .Available 


Mann  barrels  in  all  staiularil  caliliers  up  to  and  including  20-mm  are  available  in 
addition  to  many  specific  weapons  of  20-mm  or  under. 

Uve  Inert  Fire 

B.ill.  .\P  (armor  piercing  and  API  (armor  piercing  inceiuliary)  projectiles  may  be  fired 
on  these  ranges. 

Safely  (and  Security  I Re(|iiircments 


Range  safety  re(|uirements  are  available  on  request.  Standard  safety  procedures, 
mcliuling  safety  interlocks  on  range  doors  are  employed. 

Power  Availability 


Power  is  available  at  I 10,  220  anil  440  V.AC  (bO  and  400  cycle).  Plant  air  is  also 
available. 

^Observation 

Tests  can  be  observed  directly  or  via  ('('rV  (closed  circuit  television). 

Iivl  light  Ballistic  Instrumentation 

PIIOKXiRAPIIY.  One  Tastex  Model  Wl-'-.F  High-Speed  (‘amera  (4000  frames/sec). 
Model  K200I-R  High-Speed  Camera  (‘H)00  frames/sec),  one  Hycam  Model  K 2()b  and  one 
Tastman  Kodak  High-Speed  Camera  ( .^000  trames/sec)  are  available.  All  have  100-foot 
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m;i};a/iiu.'s.  !wo  I'ldd  I mission  Hash  X-ray  Systems  ( 1 80  kV ) can  he  used  to  photoi;raph 
tliree  ortliogunal  views.  Two  mieroflasli  units  are  available  as  well  .is  multiple  oscilloscope 
cameras. 

I IM!N( i.  I'hree  I.S.I.  I lectronic  Counters  (Model  and  three  I(  I Velocity 

Computer  Chronoitraphs  (Model  4010)  are  useii  lor  timinj:  measurements.  Standanl 
1000  lijrhl  bill  s'sec  are  used  for  camera  timing. 

HAKDWIRI  . Consolidated  l-dectrodynamics  Corporation  IX-Channel  Recorder 
(Model  .*>-1 24 1 IS  used  for  recording.  Multiple  oscilloscopes  are  available.  Strain,  pie/.o- 
electric,  pressure,  thermocouple  and  sound  level  measurements  may  be  made. 

Terminal  Ballistic  Instrumentation 


■All  instrumentation  used  for  in-llight  ballistic  measurements  are  also  used  for  terminal 
ballistic  measurements. 

I inimnmental  Simulation  and  Mea.surement 


Target  materials.  vceai>ons,  or  projectiles  may  be  temperature  (and  humidity) 
conditioned  trom  -7.S  to  +2u0  degrees. 

70-KK)I  INDOOR  R \N(il 
Dimensions 

The  70- loot  Indoor  R.mge  is  located  m the  l.ow  Velocity  Test  Building.  The  firing 
tunnel,  which  is  above  ground,  measures  8 by  8 feet  and  is  constructed  of  reinforced 
concrete.  .Although  primarily  mtendeii  tor  research  and  development  of  grenade  ammu- 
nition and  associated  weapon  systems,  this  range  can  also  be  utilized  for  testing  small  arms. 
The  range  terminates  m a sand  butt  with  a steel  plate  behind  it.  An  instrumentation  room  is 
adiacent  to  the  firing  area. 

Weapons  Projectiles  Available 

High  velocity  projectiles  up  to  ..TO  caliber  may  be  fired.  Low  velocity  (.TOO  ft/sec  or 
less)  up  to  40-mm  may  be  fired. 

Liw/lnert  l ire 
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OUTDOOR  FACILITIES 


QUARRY  RAN(.I 


Dimensions 


Hirce  lOO-t'oot  ranges  are  loeatecl  in  an  ahamloneil  quarry.  I'lie  tliree  ranges  are 
aiijaeetil  to  one  another  aiui  are  enclosed  for  the  first  70  feet  ( IX-inch  steel  tube  tor  30  feet 
and  X-foot  concrete  tube  for  40  feet).  Lhe  ranges  terminate  in  a reinforced  concrete  sand 
bunker  30  teet  wide.  12  feet  high  and  12  feet  deep.  A l-ton  monorail  anil  forklifts  are  used 
for  target  liandhng.  .A  building  ( 1000  ft-)  with  instrumentation  and  loading  rooitis  is  located 
behind  a revetment.  A reinforced  concrete  tube  12  feet  in  diameter.  12  feet  deep  is  also 
available  for  static  detonation  of  Ml'  ordnance. 

Weapons  Projectiles  .Available 


Projectiles  up  to  X-incIi  caliber  may  be  fired  at  this  range.  Depleted  uranium  may  also 
be  fired  at  this  range. 

Live  Inert  I ire 


,AP.  incendiary  , and  Ml'  projectiles  may  be  fired. 

Safety  (and  Security)  Re(|iiirements 

Range  safety  requirements  are  available  on  request.  The  area  is  secure  (fence  and 
liourly  check  by  patrolling  guards). 

Power  Availability 

Power  available  at  t!ie  quarry  is  judged  to  be  adequate  for  any  conceivable  test  needs. 
Observation. 

Direct  observation  of  Ml  tests  is  not  allowed. 

Ill-Flight  and  Terminal  Ballistic  Instrumentation 

See  the  -fO  Z oo/  j/n/  IDO  Yard  Ruukc  documentation. 

Fa^i  v iro  n mental  Simulation  and  Measure  me  rd 

A temperature  conditioning  box  is  located  adjacent  to  the  range  building  (X40  ft-^). 
rile  box  has  a (>-  by  7-foot  door.  Materials  can  be  conditioned  from  -100  to  +200  degrees. 


238 


JTCG/AS-76-D-001 


DATA  handling/proc  essing 


DATA  STORAGE  AND  RETRIEVAL 

A Vanpuani  Motion  Analy/.er  (Model  M-U))  anil  two  liell  and  Howell  Motion  Study 
Projectors  (Model  BD)  are  used  (or  data  reduction.  Data  can  he  stored  on  computer  card, 
magnetic  tape  and  disk. 


QUICK-LOOK  CAPABILITY 

High-speed  film  and  x-rays  can  he  processed  in  less  than  30  minutes. 


PROCESSING 
Sy  stem  and  Model 

A (icneral  Automation  18/30  computer  system,  an  IBM  370/165  computer  system  and 
an  Interdata  Model  70  computer  support  the  testing  done  on  the  range.  The  18/30 
hackground  partition  may  aBo  he  used  to  communicate  with  a variety  of  computer  systems 
such  as  the  IBM  370  tamily,  the  CDC-6600  and  the  Univac  I 108  computer  systems. 

Language 

lOKIKAN  and  assembler  languages  are  available  on  the  18/30.  I'ORIRAN  and 
i OBOI.  are  available  on  the  IBM  370. 

Input  Output  Options 


Standard  I O options  are  available  (including  time-sharing).  In  addition,  a 
Tektronics  4014  graphics  CRT  and  a CALCOMF^  738  zip-mode  plotter  are  available  on  the 
18/30. 

Realtime.  Interaction 

l ime  sharing  is  available  on  both  the  18/30  and  370. 


DISTRIBUTION  (Turnaround  Time) 

lurnaround  lime  is  immediate  on  the  18/30  and  overnight  on  the  370. 
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ANNEX  T - INTRODUCTION 


OVERVIEW 

rtie  Biophysics  Division  of  tlic  Biomedical  Lahoratorv  is  located  at  I d.uewooil 
Arsenal,  MI),  approximately  4 miles  south  >f  Interstate  45  on  Maryland  Route  24.  Hie 
Biophysics  Division,  whose  mission  as  principal  respondent  to  the  Bioresponse  to  Trauma. 
Wound  Ballistics  and  allied  programs,  has  been  the  sole  provider  of  biological  data  for  this 
program.  These  data  have  been  used  by  weapon  designers  and  systems  analysis  agencies  to 
develop,  improve,  update,  and  evaluate  weapons  and  munitions.  Principal  users  of  this  data 
have  been  .A.MS.AA,  JITG'JMEM,  I'RADOC,  weapon  designers  through  DoD,  and  systems 
analysis  agencies  througli  DoD.  During  the  R&D  phases  of  munitions  development 
programs,  the  Biophysics  Division  has  been  called  upon  to  provide  guidance  and  data 
through  consultation  and  ■'or  test  evaluations. 

Additional  responsibilities  include  the  test  and  evaluation  of  personnel  armor  and 
contributing  significantly  to  both  military  and  civilian  R&D  programs  in  the  development  of 
evaluation  criteria  for  body  armor.  Other  areas  of  investigation  include:  less  than  leth.il 
weaponry’  (including  Soft  and  Sting  R.AG),  Future  Rifle  System  Candidates.  Personal 
Defense  Weapons,  Fuel/Air  Explosives,  LAW,  DR.AGON,  and  TOW  user  hazards  in 
enclosures,  effectiveness  of  the  “Mot  Nose”  concept  for  2.75-inch  rockets,  and  numerous 
other  contributions  to  the  national  defense  effort. 

The  pnmarx'  contact  for  this  facility  is  Mr.  Robert  R.  Ingram.  Jr..  Chief  of  Bio- 
dynamics  Branch,  telephone  .101-671-3248. 


GENERIC  AIRCRAFT  SYSTEMS  (SUBSYSTEMS)  TESTED 

Tlie  Biophysics  Division  is  unsurpassed  in  its  ability  to  test  and  evaluate  the 
antipersonnel  effects  of  projectiles  and  fragments  and  the  utility  of  various  types  of  body 
armor  and  other  protective  equipment. 


SURVIV  ABILITY  VULNERABILITY  FACILITIES  OVERVIEW 

There  are  three  indoor  ranges  and  two  outdoor  ranges  at  this  facility  in  which  inert  or 
incendiary  projectiles  up  to  20-mm  may  be  fired.  In  addition,  a grenade  range  (for 
detor  Ring  small  antipersonnel  weapons),  a 2-inch  shock  tube,  and  a tlame  facility  are  also 
available  for  use.  The  Biophysics  Division  also  has  access  to  any  of  the  ranges  at  .Aberdeen 
Proving  Ground  for  tests  using  ME  or  projectiles  larger  than  20-mm. 

ACCESS 

Primary  access  to  Edgewood  Arsenal  is  by  highway  via  Interstate  45  ,ind  Maryland 
Route  24.  Helicopter  and  light  aircraft  service  is  available  at  Weide  Field,  Edgewood 
Arsenal.  Heavier  aircraft  service  is  available  at  Phillips  Field,  .Aberdeen  Proving  (iround 
which  is  approximately  12  miles  from  the  Edgewood  Arsenal  area  of  Aberdeen  Proving 
Ground. 
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M AIN  1 1 N A \(  I I AHKK  \ HON  C AP  ABILITY 

( ompli'tt.'  iiudiitu'  shop  l.ialitics  ( incliuliiif;  wdclint:)  ;iri'  iiviiilahlc. 


KK.ISIU  Al  Si:PK)KT  ( APABILITY 

Bulk  .immumtion  storafii.'  facilities  are  located  on  post.  Ammunition  up  to  and 
includm>;  ..‘'0  caliher  can  f'C  loadeil  on  site. 


INDOOR  FACILITIES 


M AIN  K ANC.L 
Dimensions 

rtie  mam  tlnnj:  room  is  27  hy  32  by  1 1 feet  high.  The  walls  are  reinforced  concrete 
with  a minimum  thickness  of  X inches.  The  room  has  a 4-inch-thick  concrete  slab  ceiling 
covered  with  2 inches  of  poured  gypsum.  A 4-foot-wide  lane  terminating  in  the  firing  room 
provides  the  capability  of  firing  up  to  18  meters.  Projectiles  are  fired  into  bullet  catchers 
cvunposeil  of  approximately  7 feet  of  .sand  and  metal  shavings  hacked  with  armor  plate.  A ‘)- 
b\  22-foot  controbinstrumentation  room  and  a small  loading  room  are  adjacent  to  the  firing 
room. 


VSF  APONS  PROJECTILES  AVAILABLE 

Projectiles  up  to  20mm  may  be  fired  on  this  range,  Mann  barrels  from  .17  caliber 
through  20-mm  are  available  in  addition  to  many  weapons.  Additional  weapons  may  he 
procureil  from  .Abenleen  Proving  (iround  if  required. 

I Live  Inert  Fire 

t Inert  or  incendiary  projectiles  may  be  filed.  Tests  with  HE  projectiles  would  be 

conducted  al  Aberdeen  Proving  (iround  ranges.  The  Biophysics  Division  is  a tenant  aclivilv 
located  at  Aberdeen  Proving  (Iround. 

.Safety  (and  .Security)  Requirements 

I 

• Hiis  facility  employs  safety  interlocks  on  the  door  to  the  firing  room.  Facilities  are 

available  for  storage  of  classified  materials. 

Priwer  Availability 

F.lectrical  power  rerjuired  can  be  provided  either  througli  plant  facilities  or  by  portable 
generators. 
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Ol)sorvalion 

riirec-inch-tliick  glass  observation  ports  are  provided  to  observe  the  target  area. 

Iiv Flight  Ballistic  Instrumentation 

All  instrumentation  used  by  the  Biophysics  Division  is  portable  and  can  be  used  on  any 
ol  the  ranges  (including  those  at  Aberileen  Proving  Ground ). 

PlIO  I'OCiRAPIIA’.  rile  Ibllowing  high-speed  cameras  are  available: 

1.  l our  Redlake  Hycam  ( 100  feet)  .^800  frames/sec 

2.  I wo  Redlake  Hycam  (400  feet)  I 1,000  I'rames/sec 
Three  Dynafax  (35-nim  split)  32,000  Trames/sec 

4.  One  Dy  nat'ax  (35-mm  full  frame)  27.000  frames/sec. 

Six  flash  units  with  controls  are  available  for  use  with  the  Dynafax  cameras.  Single  (6)  and 
♦ multiple  ( 10-  and  I 5-channel)  microllash  units  are  available  for  use  with  still  cameras.  Spark 

photography  may  also  be  employed. 

Multiple  x-ray  heads  (180  and  300  kV)  are  available  for  use  with  either  an  8-  or 
.3-channel  system,  respectively. 

TIMING.  Both  paper  grids  and  light  screens  are  used  with  chronographs  for  measuring 
projectile  velocity  and  actuating  instrumentation.  Timing  marks  on  camera  film  can  be 
generated  at  10,  100,  or  1000  marks  per  second. 

Teiminal  Ballistic  Instrumentation 

PIIOlCXiRAPtlY.  See  In-Ri^ht  Hallistic  Instruiucnlation. 

TIMING.  See  In-I'lif’lit  Hallistic  Instninicniatinn. 

TRANSDIJCI  RS/ 1 T.LT.MT.  I R’>’.  Transducers  available  include  thermocouples  aiul 
calorimeters  for  measuring  temperature  and  heat  Ilux,  and  strain  and  piezoelectric  gages  for 
f measuring  pressure  and  acceleration.  T.ciuipment  for  recording  transducer  signals  include  ,i 

14-channel.  Honeywell  Moilel  Ob  tape  recorder  with  500  kHz  bandwidth  in  TM  and  2 MHz 
bandwidth  in  direct,  two  14-channel,  Honeywell  Moilel  5b00  tape  recorders  with  40  kHz 
bandwidth  m TM  and  300  kHz  bandwidth  in  direct,  two  Tektronix  Model  7b33  storage 
oscilloscopes  with  100  MHz.  bandwidth  and  3.5  nsec  rise-time;  one  12-channel,  Honeywell 
Model  210b  oscilloscope;  two  12-channel.  Honeywell  Model  1508  oscillographs;  and  one 
t 12-channel  Honeywell  Model  b()b  oscillograph.  Telemetry  eiiuipment,  complete  physio- 

logical monitoring  e(|uipment,  .md  an  inirared  scanner  for  remote  nondestructive  therm.il 
evaluation  of  the  target  are  available  m-house.  All  necessary  calibration  and  test  eipiipment 
to  support  the  previously  listed  ei|uipment  is  m-house.  Calibration  is  traceable  through  the 
I dgewood  Arsenal  Calibration  and  Metrology  Tab  to  the  National  Bureau  ol  Standards. 

I 
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f IRSr  SL  IM’l  I MI  N I AKV  K ANGL 
Dimensions 

This  laLilitN  IS  .1  tiriiie  room  IX  hy  32  Icet  with  ortliiance  brick  walls  aiul  a wooden 
ceiliiii:.  I’roiectiles  are  fired  into  bullet  catchers  composed  of  apiiroximately  7 feet  of  sand 
and  metal  shavings  backeil  with  armor  plate.  A 30-foot  vertical  range  also  terminates  in  the 
firing  room. 

Weapons/Projec t iles  .Available 

Proiectiles  up  to  .30  caliber  may  be  fireil. 

Live  Inert  l ire 

Only  inert  firoiectiles  may  be  fired.  I'or  additional  capabilities  see  Main  Ran^c 
ilocumentation. 


SI  C OM)  SUPPLI  MI  NTARY  R ANCil 
Dimensions 

rius  facility  is  a small  room  measuring  6 by  12  feet.  Projectiles  are  tired  into  various 
types  of  ballistic  catchers  hacked  with  armor  plate. 

VVeapons  Projectiles  Available 

riiis  firing  range  was  designeil  for  firing  small,  low  velocity,  fragments  (maximum  of 
22  caliber  at  1000  ft/sec)  anil  for  firing  sand,  gravel,  etc.,  at  transparent  armor  such  as 
lenses,  visors,  etc. 

Live  Inert  Fire 

Only  inert  projectiles  tnay  be  tired.  For  additional  ca(nibilities,  see  Main  Ran^v 
documentation. 


OUTDOOR  FACILITItS 


500-MtTLR  RANCiL 
Dimensions 

Ihis  range  is  an  open  area  with  concrete  gun  mounts  located  at  100-meter  intervals.  An 
Ordnance  Frailer  containing  a gun  mount,  instrumentation  and  electrical  generator  can  be 
used  to  provide  a work  area. 
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Weapons  Projectiles  Available 

Projectiles  up  to  and  includmi’  ..^0  caliber  may  be  Tired. 

Live  Inert  Lire 

Inert  or  ineendiarv  projectiles  may  he  tired. 

SaTetv  (and  Security)  Requirements 

Storage  ot  onlnance  and  materials  is  provided  at  the  indoor  facility. 

Power  Availability 

Power  IS  provided  by  portable  generators. 

Observation 

Tests  may  be  viewed  from  behind  the  gun  mount. 

Instrumentation 

See  Muln  Ran.gc  documentation. 


1 00- M I T I R RANOt 
Dimensions 


I Ins  tacihty  is  an  open  range  with  concrete  gun  mounts  located  at  .SO  yards,  .SO  meters, 
100  yards,  and  100  meters.  Projectiles  are  tired  into  a backstop  composed  of  earth  and 
armor  plate. 

VVeapons  Projectiles  Available 

Projectiles  up  to  and  including  .,10  caliber  may  he  tired,  l or  remaining  capabilities  see 
tlie  ^iKi-Mcivr  Raimc  documentation. 


DATA  HANDLINd  PROC  LSSINd 


DM  A SIORAdL  AND  RE  TRItVAL 

A lelecordex  1 ilm  Reader  is  available  Tor  reducing  data  from  photographs  and 
high-speed  lilni  to  punched  paper  tape.  An  x-ray  reader  is  also  available  Tor  reducing  x-ray  to 
paper  tape. 


JTCr./AS-76-D-OOl 


ui  K K-iooK  c \r\mi  mi  s 

Hl.ii  k .iiul  uliili'  lilm  ^iml  \-r;i\  s <.\m  he  proccsseil  iniineilijlely' ( witiun  I 5 ininnles). 
Sm.ill  .iinounl''  ol  eolor  him  m.i\  aKo  he  proeesseil  immeiliatel\  . 


PK()(  I SSIN(, 

t 

S> stem  and  Model 

A I imae  I I0><  ( 1 2S.000  ineinorv  core)  is  available  eilher  in  a hatch  mode 
(I'lma^  l)(  I 20001  or  in  a time-sharing  mode. 

Um^iiaue 

lOKIKAN,  COHOI  . MASK',  and  IM./l  compilers  are  available  in  addition  to  several 
speeiali/esi  suppoit  paekaees  (ineindme  (il’SS.  SPSS.  OMNI  l AB  and  HMD). 

Input  Output  Options 

( arri,  disk.  I.ipe  ( V-traek  ).  pai'cr  tape,  teletype,  and  Caleomp  plotter  are  included  in  the 
I ()  options. 

Kealtiine  Interaction 


I ime-sh.irme  is  available. 


DISIRIHUTION  (TLiRNAROUNI)  lIMl  I 

lurnaround  time  on  the  computer  is  from  2 minutes  to  I hour,  liepeiulini;  on  the 
Icni-’di  of  run.  HAW  film  and  x-ray  can  he  processed  immediately.  Small  amounts  of  color 
t'llm  can  he  piocesseil  immeiliately.  hut  normal  processinj:  retiuireil  I to  2 days. 
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ANNLX  IJ  - IMRODUCnON 


OVJ  KMI  \N 

I 111'  lloi'ing  AiTospaci-  ('oinpany’s  Impact  Mcchaniis  l aboratory  is  located  at  the 
lloemi:  Plant  Number  2 in  Seattle.  WA.  I he  l ulalip  l est  Site  is  just  north  ol  Seattle  and  the 
Hoardman  lest  Site  is  m north  centr.il  Orepon. 

1 hese  facilities  provide  ballistic  test  support  for  the  entire  family  of  lloeine  ('ompames. 
1 hey  are  used  for  the  conduct  of  tests  concernint:  terminal  effects,  fuel  system  tlamc 
propagation  and  retardation,  and  hydr.iulic  ram  eftects.  I ieure  LI- 1 shows  a hydraulic  ram 
test  tank. 

I he  primarc'  point  ot  contact  concerning  testing  in  these  facilities  is 
\lr.  Robert  (I.  Bl.iisdell.  Nl.mager.  Imp.icl  Mechanics  Laboratory  , telephone  206-77.VMS04. 


(,l  ,M  RIC  AIRC  R AIT  SYSTLMS  ( SUliSYSTF MS)  TLSTE  I) 

Boeini:  performs  S V testing  on  high  performance  aircraft,  medium  performance 
aircr.ift.  and  helicopters.  Testing  is  conducted  of  full  scale  complete  aircratt,  structural 
components,  rotor  bl.nles,  and  tuel  systems.  I'he  facility  has  been  extensively  used  for 
hy  draulic  ram  testing,  ullage  combustion  testing,  and  fuel  vapor  testing. 

SlRVIVABim  Y/VUI,M;R\BII  II  Y I AC  ILIIILSOVLRVII  W 

rile  Impact  Mechanics  Laboratory  h.is  evolved  during  a decade  of  studying  impact 
phenomonology  ranging  Irom  tree-tall  velocities  (lOt't/sec  and  up)  to  simulated  meteroid 
impact  (up  to  .72,000  tt  sec).  I he  result  ol  this  evolution  is  ,i  laboratory  with  an  extremely 
wide  capability  range  operated  by  personnel  with  vast  exi'eriences  in  conducting  and 
.inaly/mg  inipait  events.  I’he  unique  capability  of  the  l.iboratory  centers  around  test 
lacilities  and  tiaidware.  interpretation  ot  experimental  results,  and  analysis,  lacihties 
include  two  highly  instrumented  powilcr  eun  ranges  .ind  several  ha/ardous  test  sites. 
Included  as  pait  ol  the  ranges  are  highly  sophisticated  instrumentation  such  as  integrated 
nre-control,  velocity  monitor  and  instrument  control  systems.  Lius  special  equipment,  built 
especially  toi  the  Impact  Mechanics  Laboratory,  is  backed  up  by  high-speed  cameras  of 
III. my  types,  x-ray  equipment,  and  standard  laboratory  equipment. 

I he  primary  objective  ot  each  |irograni  conducted  m the  Impact  Mechanics  laiboratory 
IS  to  solve  .1  specific  problem  m design  technique  or  to  understand  a particular  physical 
pheiiomen.i.  .ind  to  present  the  results  in  analy  tical,  graphical,  and  pictorial  forms.  Because 
ol  the  complexity  ot  projectile-1, irgel  response,  iii.ijor  dependence  in  obtaining  solutions  to 
problems  must  b placed  on  experimental  evidence.  Adequate  test  data  rarely  exist ; hence, 
e.ii  ti  progr.im  usu.illy  requires  performance  ot  one  or  more  test  series.  Several  facilities  are 
.iv.iilabli'  to  Imp. lit  Meihamcs  Laboratory  personnel  lor  obtaining  experimental  data.  These 
nil  hide  two  indoor  ranges  and  two  outdoor  h.i/.irdous  test  facilities. 
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\C ( I SS 

1 \cdlcnt  .n-cess  (o  (lio  Hoi'iiii;  halit\  in  provided  hv  hncrsLilc  5,  ()k-  porl  ot  So.illli' 
.iiul  tile  Mivinu  .iirtield  v^liidi  in  .uijaci'nt  to  I’l.int  Numbi.  r 1.  SimHIc/ I ;icom;i  Intonuitioiuil 
\irport  IN  api'roMiiKitolN  5 inilcN  nouIIi  of  the  laeility  via  Highway  Kail  aeccNs  is 
pto\ nil'll  In  a Npiir  ol  the  lUirlington  Northi'tii  on  the  plant  iiroiimls. 


MAIMI  \ AN(  l I AimU  VI  ION  t APAHIU  F Y 

( omplete  inaehine  nIiopn  and  maintenanee  laeilities  are  available  lor  the  t'abrieatiot  or 
support  ol  virtnaHv  any  ineehanieal  or  electronic  systems. 


KM.ISIK  S SLIM’OKI  ( Al’AmUIY 

1 he  loeistics  support  normally  associated  with  a laree  manuracturinc  lacility  is 
available  to  the  hiboratorv.  Ammunition  sioraL'c  is  available  at  the  indoor  ranee  lor  up  to 
I week's  needs  (nominally  40  rounds  of  JO-  or  40-mm.  200  rounds  ol  .30  or  ..30  ealiber). 
( omplete  precision  loading  support  is  provided  by  the  Hoeing  Ordnance  Laboratory.  Ihe 
lulahp  site  has  ( lass  .A  storage  lacihties  lor  virtmilly  unlimited  quantities  ot  ha/ardous 
malerials. 


INDOOR  I AC  im  il  S 


DIMLNSIONS 

The  Impact  Mechanics  l aboratory  occupies  over  (i500  It-  arranged  as  sliown  in 
I igure  L'-2.  Test  firings  are  normally  conducted  over  a range  of  a levv  feet.  l igures  l'-3  and 
l'-4  are  phoiogr.iphs  of  the  two  indoor  ranges. 


WI  APONS  PKOJI  (TILLS  AVAILAHLL 
Military  Hullet  l.aiinchers 

I aunchers  are  available  with  rilled  bores  of  .22.  .30,  .303,  ,md  .30  caliber  and  7.(i2, 
I 2.3.  I4.3,  20.  ,md  40  mm.  These  inelude  complete  military  guns  and  special  barrels  with 
adjustable  breeches.  Lhe  adjust.ible  breeches  allow  any  of  the  barrels  to  be  charged  by 
standard  .30  or  .30  caliber  or  20-mm  powder  eases.  Lor  certain  ajrplications,  smooth-bore 
b.irrels  are  also  avaihible.  Various  barrel  lengths  are  available  from  standard  military  length 
down  to  I inch,  lor  especially  low  velocitieN,  air-launch  equipment  is  available. 
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rragmeiil  l.auiulu’p. 

Many  traiimeiit  lV|''es  luivc  hcon  laundioil,  troni  M 1 1 (Onl)  lra.i:iiu.-nl 
Minulators  to  special  spheres,  rods,  cul'cs,  eyimdeis.  aiul  nechetles.  I he  Iraumenl  simulalors 
are  launclied  I'rom  the  riHeil-linre  lUins  riescrihed  above.  I he  special  Iraiimetits  reciuire  sabots 
atid  are  launcheil  Iroin  smooth-bore  barrels  fitted  with  the  special  breedies  described  above. 
Snuroth-bore  barrels  are  available  in  ..^0.  .50.  and  .bO  caliber.  20-mm.  and  I 2,  7 'H,  I.  1-1  4. 
2-1  4.  2-1  2.  .7-1  2.  and  4-1/2  inches  in  rliameter.  A special  caixibility  has  been  developeil 
for  multiple  fraement  impacts.  .\ny  number  of  tr.iemcnts  can  be  launched  in  any  desired 
pattern. 

.Special  lauinch  ( apability 

Manv  proerams  have  been  conilucterl  where  special  particles  were  rei|uircd  to  be  made 
to  impact  targets.  When  each  re(|uirement  became  known,  special  tedinu|ues  were 
ileveloped.  hollowing  are  the  results  ol  some  ol  these  developments. 

R(X  k IMl’.Xr  i.  Actual  rocks,  varying  m si/e  from  dust  to  .7  inches  m diameter,  have 
been  launched  trom  a lew  It  sec  to  7()()()  It  sec.  I he  rocks  have  included  basalt,  granite,  and 
quart/  ot  various  shaties  and  specially  ground  granite  cylimlers.  Simulated  rocks  consisting 
ol  glass  spheres  have  also  been  useil. 

SIMUI  A 1 1 I)  IIAIl..  redim(|ues  have  been  ileveloped  to  launch  spheric.il  ice  balls 
trom  I 4 to  2 inches  m diameter  at  velocites  up  to  over  4000  It  sec. 

K.MN  DKOI’S.  Single  and  multiple  ram  drops  can  be  launched  m si/es  ranging  I'rom  1.0 
to  .7.5  mm  m diameter  at  up  to  5000  tt/sec. 

INSIKLMI  Nil  I)  I’ROJI.CI  II  I S.  I he  capability  has  been  developed  to  launch 
projectiles  with  on-board  transducer  and  telemetry  systems.  I hese  projectiles  have  been 
tired  as  sm.ill  as  .50  caliber  diameter.  .Applications  tor  these  projectiles  are  in-tlight 
temperature,  ablation  rates,  and  decelerations. 

lable  U- 1 shows  projectile  weights  which  can  be  launched  at  e.ich  lioemg  lacility. 

1 NVIKONMIM 

lest  specimens  may  be  subjected  to  heating  to  temperatures  ot  up  to  ,7000'"|-  by 
(|uart/  lamps,  cooling  to  -120  b by  liquid  mtiogen  or  to  simulated  altitudes  ot  up  to 

2 microns  ol  He  during  lest  firings.  Oxygen  rich  environments  have  also  been  smuil.iteil. 
.S|>ecimens  may  be  loaded  to  ,7,000.000  pounds  by  speci.il  loading  trames. 

nvi  IM  KI  I IKI 

Only  Inert  projectiles  or  incendiary  can  be  tired  m this  facility.  I’rojectiles  ot  up  to 
40-mm  armor-piercmg  incendiary  can  be  tired. 
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S\l  1 n (aiul  SK  lIKim  Rl  Ul'IKl.MlMS 

Ilio  Impai.!  \K\  h.imcs  I .il'oratory  lioMs  a taalils  clc.ir.iiu  c to  the  SI  ( Kl  I koi'l  .mil 
has  slor.igi-  capacity  tor  ilocumciits  and  materiel  ol  that  classilication. 

All  testm;.:  is  conducted  in  accordance  \cith  approved  s.dety  procedures.  I leilronii.  oi 
mechanical  interlocks  prevent  t'liinp  until  the  raiifie  area  is  clear  and  a saletv  release  is  eiven 
h\  the  ran;;e  master. 

I’OWI  K \V AIL Aim.lI  Y 

Single-phase  aiul  .Vpliase  electrical  power  ol  100.  220.  aiul  440  V'AC  is  available  on  the 
range.  Hydraulic  power  is  provided  by  one  of  three  portable  rigs,  two  proviile  pressures  to 
^000  psi  ami  one  to  .^000  psi. 


ORSI  KV  ATIO.N  ( OMMUNK  ATION 

Direct  visual  observation  is  available  through  use  ot  an  optical  periscope,  Kealtime 
observation  of  tests  is  also  available  througli  a closed  circuit  television  system. 

A public  aiidress  sv  stem  provides  comnuinications  on  the  range. 

IN  I I K. HI  HAl  I.ISTK  IN.STKDMI  NTATION 
Laser  I’hotograpliv 


In  .iddition  to  standard  still  ami  motion  picture  cameras,  the  laboratory  is  eiiuippeil 
with  a number  of  cameras  especially  suited  lor  the  study  ot  impact  phenomena.  An 
.\btronics  image-converter  camera  is  available  for  the  stud>'  of  very  high-speed  events.  Single 
Irames  can  be  taken  at  exposure  times  ol  down  to  5 nsec.  I or  very  high-speed 
. multiple-lraine  photography,  a BAW  Kerrcell  camera  is  available  with  a framing  rate  of  u|i  to 

I 2 by  1 0^  frames/sec.  V'ery  high  i|uality  single-frame  photographs  are  possible  with  open 

1 shutter  strobe  light  systems.  Standard  Ib-mm  movies  are  taken  at  up  to  1 1 ,()()()  fr.imes/see. 

split-lrame  movies  are  taken  at  up  to  44.000  frames/sec.  X-ray  photography  is  possible  with 
a three-headed  .KK)  kV  I'ield  1 mission  Unit. 

A built-in  feature  of  the  control  system  allows  high-speed  motion  picture  catneras  to 
control  the  firing  time.  .After  the  cameras  have  reached  a preiletermined  framing  speed,  a 
signal  is  generated  that  activates  the  launcher. 

liming 

Ihe  prime  velocity  measuring  system  is  composed  of  photomultiplier/light  source 
stations  connected  to  a counter.  A lens  ami  slit  arrangement  with  a fast  response 
photomultiplier  tube  assures  dependable  and  accurate  velocity  me.isurement.  When 
reijuired.  make/break  screen  velocity  station  units  are  also  available. 
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In  .iiiililion  to  rciulout  on  a counter,  tlic  velocity  station  signals  are  leil  to  a special 
computer.  Hie  computer  calculates  anil  reail'i  out  the  velocity  and  determines  the 
time-ol-llijilit  of  the  proiectile  to  a particular  point  in  the  target  area.  At  the  proper  tune, 
the  computer  generat'-s  a control  signal  to  trigger  data  ac(|uisition  ecpiipment  such  as 
cameras  or  oscilloscopes,  ['he  point  in  space  is  preselected  and  led  manually  into  the 
computer  pnor  to  the  test.  Accuracy  of  the  computer  is  such  that  triggering  of 
instrumentation  can  be  obtained  when  the  projectile  is  w'lthm  O.O.Vinch  ol  the  desired 
location.  Several  computers  are  available  with  up  to  live  independent  channels. 

Hardwire 'Telemetry 

All  control  and  data  aciiuisition  instrumentation  on  this  range  is  hardwired. 


> 


Tl  RMINAL  BALLISTIC  INSTRU.MENTATION 


The  photographic  and  x-ray  eiiuipment  ilescribed  above  are  also  used  to  acquire  data 
concerning  terminal  elTects. 


Timing 


The  timing  system  described  above  is  used  to  measure  and  control  events  associated 
with  terminal  effects. 

Hardwire  'Telemetry 

Systems  are  available  to  conduct  a large  number  of  impact  measurements,  including 
pressure,  strain,  temperature,  acceleration,  velocity,  heat,  light  intensity,  and  loads.  Where 
commercially  available,  equipment  has  been  obtained  that  will  provide  analog  records  of  the 
above  phenomena  during  short  duration  impacts  (in  the  /asec  region).  Where  short-term 
measuring  and  recording  e<)uipment  was  not  available,  special  equipment  has  been  developed 
within  the  laboratory,  l or  example,  most  commercial  high-speed  load  cells  have  a rise-time 
of  about  10  msec  and  have  small  tensile  capability  compared  to  compression.  A load  cell 
was  labricated  within  the  laboratory  with  a 5-fJscc  rise-time  and  a tensile  equal  to  its 
CO  m p re  ss  i ve  ca  p a b 1 1 i t y . 

I he  laboratory  contains  a great  deal  of  st.indard  diagnostic  equipment  Of  special 
interest  to  impact  studies  are  mass  balances,  a Hrenell  hardness  tester,  and  ,i  metallurgical 
mil  roscope. 


» 
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ODIDOOR  F ACILITILS 


Tl'F.  Al  lP  TF  ST  Sl  i t 
Dimensions 

lestinj:  loo  lia/.ariioiis  to  eoiuluct  near  a populated  area  is  perlbrmed  at  the  Tulalip 
Test  Site,  located  mirth  ot  Seattle.  The  22l)0-acre  site  has  2().()00  It-  ol  eticloseil 
laboratories,  office  space,  aiul  shop  support  huildiiitts.  Ihe  test  area>  consist  ol 
10  revetments  and  20  bunhers.  l iuure  t'-.s  is  a plan  view  of  I'ulalip  lest  Site.  A portion  ol 
the  site  IS  used  for  tests  to  determine  fuel  lank  rupture  and  lire  initiation  conditions.  Ihree 
test  cells  and  a 10,000-gallon  sump  lank  are  available  for  ballistic  tests  of  fuel  tanks.  Other 
areas  are  used  for  explosive  device  testing  ,md  structural  surv  ivability  tests. 

1 igure  U-()  shows  one  of  the  revetments  used  for  gunfire  tests  of  a fuel  system. 
I'lgure  l'-7  shows  the  panel  used  to  control  and  monitor  the  Hgure  L'-b  test.  I igure  I'-K 
shows  a loading  frame  for  stressed  specimen  tests. 

Weapons  Projectiles  Available 

■All  the  weapons  and  projectiles  hsteil  for  the  Imp.Kt  Mechanics  1 aboralorv  can  be 
used  on  this  site. 

I nv ironinent 


All  testing  at  this  site  is  conducted  under  ambient  conditions  except  that  specimens 
may  be  stressed  up  to  3. ()()(). 000  pounds  m tension  and  250.000  pounds  m compression. 

Live  Inert  Tire 

l ive  projectiles  weighing  up  to  10  pounds  can  be  tired  at  this  site.  High  exj'losive 
rounds  up  to  b inches  in  diameter  have  been  tired. 

Safety  (and  Security  I Reriiiirements 

Projects  with  classification  up  to  the  SICRI  I level  can  be  accommodated. 

Ihe  lest  site  is  completely  encloseil  with  security  fencing  which  limits  access  by 
unauttion/ed  personnel. 

Complete  tire  protection  is  available  on  site  for  use  In  fuel  system  testing. 

A warning  light  system  is  used  to  alert  personnel  m ihe  area  during  testing. 

Power  Availability 

Commercial  electric  power  ot  110,  220,  and  440  VAC  in  both  single-  and  .Cphase 
modes  is  availalde. 
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()(>serv ali(ii)  ('oinnumicalion 

Kc.iltimc  ohscnatioii  ol  tests  is  available  throiijih  eloseil  eireiiit  television. 
Kanue  eomnuinieations  are  provnleil  by  both  telephone  ami  radio  networks. 
In-Miyht  liallislie  Instrumentation 


I \SI  K I’l  lO  KKiK.'^l’ll'if.  .Ml  the  photoiiraphic  ecimpment  described  above  can  be 
used  at  this  site. 

IIMINtj^  \elocity  screens  can  be  used  in  conjunction  with  the  Heckman  210  Data 
.System  tor  iiieasurmu  projectile  velocities. 

II  \K1)W  IK|-  1 1 I I MI  TRV.  All  instrumentation  is  hardwired  to  a Beckman  210  Data 
Svstem  which  can  handle  up  to  1X0  channels  of  analoj:  data. 

Termhial  Ballistic  Instru mentation 

1 .\SI  K/PHOKXiRAIMIY.  I'he  photographic  equipment  previously  described  can  be 
useil  at  this  site. 

I IMI.Nt  i.  Die  Beckman  210  Data  System  in  conjunction  with  appropriate  sensors  can 
provide  time  data  concerning  terminal  events. 

H.AKDW  IKI'  1 1 1,1  MI  ’I  KV.  All  measurement  and  recording  instrumentation  is  hard- 
wired into  the  central  data  system. 


BOAKDM  AN  Tl.ST  SITE: 

Hie  Boanlman  lest  Site  in  North  Central  Oregon  is  used  for  tests  of  rocket  and  jet 
engines,  ol  ver\  large  explosive  charges,  and  where  extremely  long  Might  ranges  or  separation 
ilistances  are  needed.  .Air  space  above  the  site  is  controlled  up  to  an  altitude  of  23,000  feet. 

Since  this  site  does  not  include  permanent  installations,  all  instrumentation  and  test 
articles  must  be  moveil  there  Irom  other  sites. 


I ) A I A H AN  I ) LI  N(;  P ROt  I SSI  NCi 


DAI  A SIOK  A(,E  AND  RMRILVAL 

The  data  collected  in  these  lacihties  are  in  the  form  of  photrrgraphs,  oscilloscope 
traces,  an, dog  recordings  on  magnetic  tape,  video  laju-,  and  high-s|ieed  films.  These  data  are 
normally  inanu.illy  redticcil  and  stored  m hard  copy.  The  cai'ability  for  on-line  computer 
recording  and  .in.ilysis  exists  it  required. 
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l’lioioi.’rai''hk  il  it.i  an'  umuIK  available  within  24  hours.  Other  data  are  available  within 
a lew  minutes  altei  eaeh  test. 


rK()(  I SSIN( 


Data  are  nc'rmally  proeessed  manually.  .\  eomplete  range  ot  high-speed  eameias  is 
available  it  requirevl. 


higure  U-1.  Hydraulic  Ram  Test  Tank. 
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Figure  U-2.  Impact  Mechanics  Laboratory  - Floor  Plan. 
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I iglire  1 1-4.  Range  No.  2. 
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J'igure  U-3.  Range  No.  1. 
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I i)!iire  11-8.  Tlirce-Million-Poiind  l.oading  f rame 
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I'ahle  U-1.  Impact  Mcclianics  Laboratory  lest  Raniies. 


Range 

Velocity 
range, 
ft /sec 

Projectile  ^ 
range,  lb 

Lypical  tests 

Impact  Mcclianics 
laboratory 
Raii)ze  No.  1 

Up  to  7500 

Up  to  5 

Structural  Survivability 
Luel  System  Survivability 
Biological  Tissue  Impact 
Rain  Impact 
Hail  Damage 
Rock  Impact 
Component  Survivability 

Impact  Mechanics 
Laboratory 
Range  No.  2 

Up  to  7500 

Up  to  5 

Structural  Survivability 
Fuel  System  Survivability 
Biological  Tissue  Impact 
Rain  Impact 
Hail  Damage 
Rock  Impact 
Component  Survivability 
Stressed  Targets 

Tiilalip 
Test  Site 

Up  to  10,000 

Up  to  1 0 

Large  Fxplosive  T ests 
(iunfire  Tests  of  Complete 
Fuel  Systems 
Rocket  F.ngine  Tests 
f 'uel  Impact  Tests 
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ANNLX  V - IN  I ROI)lJ(  IION 


OVl  KVILW 

riie  Hocini!  ( 'oinpany 's  V'crlol  Division  r;ailities  provuk*  cxtviisivi.’  oipahility  tor  the 
ilvvcIopiiK'nl  ami  prmliiLtion  of  aiixrall  (primarily  helicopters)  ami  aircraft  systems.  The 
operational  personnel  at  the  halhslic  test  lacility  at  Vertol  Division  have  been  traineii  anJ 
quahrieil  by  Development  ami  I’root  Services.  Division  of  Aberdeen  Provini:  (iroiind  and  the 
tacility  is  certified  by  the  U.S.  (iovernment.  In  addition,  facilities  support  is  available,  as 
re(|uired.  from  other  lloemj:  Company  tlivisions  tliroujiliout  the  United  States.  Aircraft 
developed  by  the  Vertol  Division  include  the  lll'l’.  11-21,  (11-46.  and  (11-47  helicopters. 
Vertol  Division  is  presently  flight  testing  the  V'UlI-itl.A  U.S.  Army  UTl  AS  helicopter.  7'hj 
primary  (lomt  of  contact  for  tliis  facility  is  Mr  I arl  Kiegner.  telephone  21  22-7960. 


(ilM  KIC  AIKt  RAb  r SYS  I I MS  ThSTLl) 

Material,  components,  structure  sections,  sell-sealing  fuel  lines  (but  not  fuel  cells),  and. 
m general,  all  aircralt  components  whidi  can  be  lit  in  the  (>-foot-wide,  H-foot-long, 
12-loot-high  test  cell  ,ind  which  ilo  not  represent  a significant  fire  or  explosive  lia/ard,  c.m 
be  ballistically  tested. 


SURVIV  \im  i IY  VUi.M  R \mHTY  I ACILITILS  OVLRVH  W 

1 he  ballistic  test  lacility  at  the  Boeing  Vertol  Division  is  an  XO-foot-long  tunnel  (4  liy 
K feet)  m which  uji  to  20-nim  Al’  or  .AIM  ammunition  can  be  fireil. 


\(  ( I SS 

I he  Boeing  Vertol  Division  test  facility  is  locatetl  at  the  Division’s  production  facilities 
on  Stewart  .Avenue.  Riilley  Park.  P.A.  appro.ximately  .S  miles  south  of  Philadelphia.  Die 
lacility  IS  adiaeent  to  Interstate  Route  ')5  and  has  rail  transporation  to  the  production 
facilities.  I he  plant  is  approximately  4 miles  from  the  airport  ami  can  accommodate 
helicopters  l.mdmg  on  the  grounds. 

M AIN  II  N AN(  I I ABRK  VIION  C APABIl  1 1 ITS 

I aulities  lor  maintenance,  labrication.  .iml  repair  of  all  aircraft  systems  is  excellent. 


TOC.ISTK  AT  SUPPOR  I ( APABII  I I Y 

l.ogistical  support  cai'abihty  lor  aircralt  systems  is  excellent.  Ammunition  and  powder 
storage  facilities  are  available,  in  addition  to  an  ammunition  ilownloadmg  facility. 
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INDOOR  I U II n il  s 


n Ai  LisiK  n sr  i At  im  \ 

Ihc  layout  ol  till.'  Hoeiiif;  Vcrtol  Division  ballistic  test  facility  is  shown  in  l imirc  V-l. 
Hie  firing  lane  is  an  unilcrgrouiui  tunnel  4 feet  wide  and  K feet  high.  A removable  backstop 
IS  installed  approximately  70  feet  from  the  backstop.  With  the  backstop  removed,  targets 
may  be  placed  in  a test  cell  (>-  by  X-  by  12-leet  high  (through  an  access  cover)  immediately 
behind  the  usual  position  of  the  backstop.  A Trankford  gun  mount  is  installed  behind  steel 
blast  doors  uprange. 

Weapons  Projectiles  Available 

I’rriiectiles  up  to  2()-mm  may  be  fired.  Weapons  are  availalile  for  firing  .22.^.  ..^0,  and 
.50  caliber,  7.62-,  14.5-,  and  20-mm  projectiles. 

Live  Inert  Lire 


Ball.  .APand  API  projectiles  may  be  fired.  No  live  111  projectiles  may  be  fired. 
S;ifety  (and  Security)  Requirements 

rile  test  facility  is  secure.  Range  safety  requirements  are  available  upon  request. 
Power  Availability 


1 lectrical  power  is  available  at  the  range  at  1 10,  220,  and  440  V.AC.  Staiulard  aircraft 
electrical  and  hydraulic  power  can  be  made  available  with  generating  units. 

Observati<)ii 


No  live  observation  of  tests  is  allowed.  The  tunnel  is  cleared  of  personnel  before  each 

test. 

In-Might  Ballistic  Instnimentation 

An  mstriimentation/personnel  trailer  is  located  above  ground  adjacent  to  the  tunnel 
range.  All  instrumentation  not  rerpiireii  to  he  physically  in  the  tunnel  is  kicated  in  the 
trailer. 

PIK) [(KiRAPHY,  l ittle  in-dight  photography  is  usually  done;  however,  high-speed 
cameras  used  for  terminal  effects  can  be  used  for  in-flight  recording  if  desired. 

I IMINCi.  l iming  measurements  are  usually  oriented  toward  actuation  of  instrumen- 
tation consistent  with  projectile  tune  of  arrival,  file  mslruinentation  consists  of  either  a 
photomultiplier  station  or  make/break  screens  to  measure  velocity. 
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lerminnl  li:illistic  InslruiiH'iinilmii 

I’l lO  I(){ iKAJ’l il^  loin  Ki’dlakc  ilyc.im  Inj:!)  cameras  with  Iraming  rates  up  to 

44.000  trames/sec  aiul  a IhkW  I astex  camera  w'lth  a I'ramiii}:  rate  up  to  H500  Irames/sec  are 
used  lor  hi^h-speed  photomaplis  of  tests. 

IIMlN(j^  ,A  photomultiplier  station  or  make/break  screens  ao  used  to  measure 
projectile  velocity.  Sienal.  counter,  and  sy nchroni/.ation  amplit'iers  are  used  with  an  event 
seipiencinj'  computer  and  an  inteerated  lire  control  system  to  initiate  recording!  consistent 
with  projectile  time  of  arrival. 

II.ARDW  I Kli/I  I I 1 Ml  I K\  .Shock  accelerometers,  strain,  pressure,  temperature,  and 
acoustical  level  transducet  measurenieiils  may  he  recorded  on  oscillojrraph  or  various  types 
of  strip  charts. 

Jh^tv ironmental  Simulation  and  MeasurcMiieiit 

Target  specimens  (including  fuel  in  self-sealing  fuel  lines)  may  he  temperature- 
conditioned  froi"  -h.'s  to  +!()()  tlegrees. 


OUTDOOR  T ACll mis 


I'here  are  no  outdoor  facilities  at  Boeing  Vertol. 


DA  I A HANDLIN(;T’R0(  I SSI.Nf. 

r 

DAI  A SrOKAGI  A.ND  Rl  I Rll  VAl. 

i Data  may  he  stored  in  computer  card,  tape,  disk,  or  computer  generated  plots  using 

f facilities  provided  hy  Boeing  Computer  -Services,  Inc. 

^ f 

' OUIIK-KKJK  ( APABII  IMI  S \ 

^ Data  recorded  on  oscillogiaph  or  strip  chart  recorders  are  available  immediately. 

^ I’hotographs  can  he  made  available  within  2 hours  with  m-plant  processing  of  film. 

Computer  data  reduction  can  he  done  with  immediate  turnaround  time. 

) ■ 

l’RO(ISSIN(, 

.System  and  Model 

Boeing  Computer  .Services.  Inc.,  provides  computer  data  processing  serv  ices  in  either  a 
time-sharing  or  remote  hateh  mode  IBM  .V)0/h5  and  IBM  U0/I5H  systems  are  available. 


263 


T 


JTCG/AS-76-D-001 


l-;tngu;igt.‘ 

All  languages  eorisis(ent  willi  the  IHM  proeessors  are  supporleil  in  iilditiDn  to 
array  ot  support  packages. 

Input  Output  Options 

All  common  1 ()  options  are  provided,  mcluilmg  Calcomp  plotting 
Realtime  Interaction 

Time-sharing  mode  is  available  on  either  system. 

DISTRlUiniON  (TURN  AROUND  TIMl.) 

In  most  cases,  turnaround  lime  is  almost  immediate. 


a wide 
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F'igure  V-1.  Boeing  Vertol  Ballistic  Test  facility. 
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ANNIiX  VV  - IM  KODlJdlON 


OVl  KVIlW 

llu-  IVnviT  Kcscari-h  Insliliite.  an  integral  part  ot  the  University  ot  Denver,  is  engaged 
in  sponsored  research  in  seienee.  engineering,  apphetl  economies,  and  the  liuinanities  lor 
government  and  indiistrv  at  the  international,  national,  and  local  level.  I stablisheii  in  I'M'? 
to  hro.iden  the  research  .ictiviiies  of  the  University,  the  Institute  has  conducteil  more  than 
2’?00  research  projects  totaling  appro.xiinately  $‘>5  million.  Present  operations  .ire  at  an 
annual  volume  of  St)  million  performed  by  approximately  .^X()  scientists,  engineers  and 
supporting  personnel.  I'he  Institute's  labciratories.  office  space  and  conference  rooms 
occupy  1 OX. 000  ft-.  facility  clearance  ot  top  secret  has  been  issued  by  IK'ASK.  St.  Louis. 
Three  olt-campus  field  sites  are  operated  for  special  experiments  in  electromagnetic 
propagation,  ordnance  and  high-energy  metal  working  studies. 

The  Institute  consists  of  10  operating  divisions,  one  of  which,  the  Laboratories  for 
Applied  Mechanics,  operates  ballistic  test  facilities  suitable  for  survivaliility/vulnerability 
testing.  Much  of  the  research  conducted  within  the  Laboratories  for  Applied  Mechanics  is 
rel.ited  to  dynamic  and  transient  physical  and  chemical  phenomena.  This  emphasis  is 
rellected  in  the  variety  of  supporting  facilities.  Major  installations  include  the  Terminal 
B.illistics  Laboratories,  the  Blast  Research  Range,  the  Lixplosives  and  Pyrotechnics 
Uiboratory.  the  Air  lAillution  Laboratory  , the  Tngine  Testing  Laboratory,  the  I xperimenlal 
Stress  .Analysis  Liboratory,  the  Instrumentation  Laboratory  and  the  Ti.xplosive  Safety 
laboratory.  Active  research  areas  of  the  Division  incUule  terminal  ballistics  and  impact 
phenomena,  structural  mechanics,  mechanics  of  materials,  high  energy  reactions,  blast 
eltects,  mathematical  models,  computer  programs,  measurements  and  instrumentation. 

The  Institute  holds  two  facilities  contracts  (Army  Contract  No.  DA-23-072-ORD- 
‘)27(X(  and  Air  force  Contract  No.  TO470l-7.‘)-C-028.3)  which  make  available  a variety  of 
government-owneil  research  ecpiipment. 

Ihe  point  of  contact  for  this  facility  is  Mr.  Chester  R.  lloggatt.  Division  Head. 
Lihoratories  for  .Applied  Mechanics,  telephone  .30.T753-2b 1 6. 


(,l  Nl  RK  AIR(  RAFT  .SV.STLMS  (SUBSYSTLMS)  TLSTtl) 

.Survivability /vulnerability  testing  can  be  performed  on  all  fixed  and  rotary  wing 
aircratt  systems  ami  subsysiems.  inchnlmg  complete  aircraft.  Lull-si/e  aircraft  and/or 
systems  and  components  can  be  susperuled  at  the  Aircraft  Arena  and  subjected  to  blasts 
Irom  up  to  200  pounds  of  explosive. 


SURVIVABILITY  VLILNI  KABIUTY  I ACILTTII  S OVl  RVII  W 

I wo  large  facilities  are  available  for  aircratt  (or  system ) survivablhty/vulnerabllity  type 
testing.  An  iniloor  range,  located  at  the  Denver  federal  Center,  can  accommodate  tests  of 
inert  projectiles  up  to  30-mm.  An  outdoor  range  has  several  arenas  which  can  accommodate 
tests  of  up  to  200  pounds  of  cased  explosive  statically  detonateil.  1 nil  si/ed  aircraft  can  be 
suspended  at  the  outdoor  facilities. 
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\(  ( I ss 


Hk-  Insiituli-  IS  Ios.iIlhI  on  (In.'  I nivorsity  of  Iknwi  s.iiii|’us  in  South  Denver  ;if 
I niversity  Hlvd.  .tml  I v.ms  Ave.,  approxmuilely  I 4 mile  from  I'.S.  Interstate  25,  Access  is 
In  road  only.  I he  Blast  Research  Ranee  is  located  on  the  1 owry  Bomhine  Range  25  miles 
east  ot  Denver.  I'he  High  Kinetic  I nergy  laboratory  range  is  locateil  at  the  Denver  I ederal 
( enter  in  West  Denver,  approximately  15  miles  I'roni  the  Institute.  Access  is  by  road.  Rail 
tr.insportation  is  available  into  Denver.  Access  by  air  is  to  .Stapleton  International.  I owry 
Air  l-orce  B.ise.  or  Buckley  l ield  (Coloratlo  National  (iuard). 


\1  \IM  LNANC  L \ \BRI(  ATION  CAPABILITY 

l ull  machine  shop  capability  exists  at  Institute  facilities.  Ammunition  loathng  and  high 
explosive  casting  tacihties  are  also  available. 


LOC.ISTICAL  SUPPORT  CAPABILITY 

.Ammunition  storage  anil  reloading  facilities  are  available.  Logistical  support  tor  fixed 
and  rotary-wing  aircraft  and  systems  is  available  from  the  Colorado  Air  National  (iuard  at 
the  nearby  Buckley  Lield. 


INDOOR  I ACILi  riLS 


B ALLIS  I l(  Th.ST  I \(  1LH  Y - Dl  NVLR  I LDLR  AL  Cl  Nil  R 
I )imensioiis 

Hie  test  facility  at  the  Denver  Lederal  Center  is  a tunnel  range  200  feet  long  operated 
by  the  Institute  under  the  jurisdiction  of  the  U.S.  Navy.  The  facilities  include  an 
ammunition  loading  room,  photographic  processing  facilities,  ami  a general  ufility  machine 
shop.  I he  tunnel  si/e,  5 by  7 feet,  limits  target  size.  .An  instrumentation  observation  room  is 
located  1 50  feet  downrange  from  the  gun  room. 

Weapons  Projectiles  Available 

Standard  Mann  barrel  mounts  provide  the  means  for  launching  .22,  ..^0,  and 
.50  ealiber,  and  20-  and  30-mm  projectiles  at  mu//le  velocities  ranging  up  to  5000  ft/sec.  To 
obtain  mu//le  velocities  up  to  7500  ft/sec,  sabots  are  used  to  launch  subcahber  projectiles 
and  preshaped  fragments  f rom  standard  gun  barrels.  A .lO-mm  barrel  is  often  employed  for 
sabot-launchmg  large  Iragments.  Standard  fragment-simulating  projectiles  required  for 
acceptance  testing  armors  of  various  materials  .ire  available. 

A l-inch  gun  tube  I 5 feet  long  firing  through  a vacuum  chamber  can  be  used  for 
launching  Iragments  (20  grams  at  1 0,000  It/sec I.  I xplosives  are  also  used  to  launch 
Iragments  at  high  velocity,  and  to  impulsively  load  materials  in  order  to  experimentally 
examine  dynamic  behavior. 
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l ive  Inert  l ire 

()iil\  inert  projei,  tiles  may  1h’  llred. 

S;ilel\  (anil  Si-eurily)  Keqiiiremenls 

I lie  ranjte  is  seeure  lor  dassllieil  materials  anil  eiiuipment.  Door  mterloeks  are  used  on 
all  ranee  doors,  Ranjre  safety  requirements  are  available  on  request. 

Power  \\ailabilitv 

■Ample  eleetneal  power  is  available  at  I 10  and  220  volts.  DC  and  hydraulic  power  can 
be  made  available  with  portable  generators. 

Observation 


t 

I 


t 


I 


Observation  ports  are  located  in  the  instrument  room.  The  gun  room  can  be  observed 
trom  the  instrumentation  room  using  mirrors. 

In-Flight  Ba II istic  Instrumentation 

the  instrumentation  used  on  this  range  is  primarily  oriented  tow'ard  recording  terminal 
ettects. 

lerininal  ballistic  Instrumentation 


PllOKXiR.APHY.  Photographs  can  be  made  using  both  high-speed  photography  and 
Hash  radiography.  Mycam.  Locani,  Milliken,  I'astex,  Fniirchild.  liastman.  and  Dynatax 
Iraming  cameras  are  available  for  high-speed  photography  at  framing  rates  from  normal  cine 
to  44.000  trames/sec.  .A  Heckman  and  Whitley  180  camera  capable  of  framing  rates  up  to 
1.2  million  frames/sec  can  be  obtained  from  the  Hlast  Facility  as  required.  An  Avco  streak 
camera  and  drum  camera  are  utilized  with  high-intensity  electronic  strobe  and  explosive 
Hash  units.  .An  I dgerton  Rapatronic  Shutter  is  also  available  for  stopping  dynamic  events  on 
film.  Up  to  six  Fexitron  flash  x-ray  channels  are  available;  the  units  are  rated  at  100  to 
600  kV.  Ihe  photo  instrumentation  methods  used  include  specialized  techniques  such  as 
trout  lighting,  shadow,  schlieren  streak,  laser,  and  interferometry. 

I I.MING.  liming  is  accomplished  by  using  electronic  counters  and  velocity  chrono- 
graphs. Paper  screens  and  light  screens  are  used  with  the  timing  devices. 

H.ARDWIRb.  Pressure,  tenqierature,  strain,  and  acceleration  can  be  measured  and 
recorded  on  magnetic  tape,  oscillographs,  or  multibeani  oscilloscopes. 
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OUTDOOR  I \ni  TMLS 


HI  \SI  Kl  ST  AR(  H R ANOT 
Dimensions 

Detonation  iiliysics  amt  lilast  pliL-nomena  are  stmlieil  at  tins  laeility  whieli  consists  ot 
si\  sections  ot  l.owry  Homhint:  Ranjie  taint  sitiiateit  25  miles  east  ot  Denver  I tie  laiilin  is 
operateit  hy  ttic  Institute  uiuler  tlie  jurisJiction  ot  ttie  I'.S.  Navy,  I i|iiit'ment  is  !■  uiseil  in 
niohile  amt  semi-inoliile  units.  Supportinjr  Inuktines  mc/iiile  .in  explosives  casiMc  f.uilily.  .i 
small  shop  aiul  construction  facilities,  olfice  areas,  aiul  water  tanks  tor  explosive  lornmu’ 
aiul  suiities  in  hydromeclianics.  I'our  arenas  are  of  interest  for  aircraft  survivahilitv  testirif!. 

I'lie  I rajmientation  .Arena  is  102  feet  in  diameter  and  20  leet  liigti.  I'liere  .ire  eiulit 
tiifili-'ipeed  camera  locations.  I'liis  arena  is  used  for  traiuiient.ition  studies  involvinf!  Iraf!ment 
velocitv  measureincnts.  distrihufiori  patterns  and  Irainnent  recovery. 

file  Aircraft  Arena  is  also  approximately  100  feet  in  diameter,  I'liere  are  facilities  for 
suspeiulini;  a lull  aircraft  in  various  positions  for  testini:.  Multiple  smaller  aircralt 
components  or  systems  may  also  he  suspended  at  various  locations  relative  to  the  statK 
detonation  of  explosives  or  projectiles. 

riie  Wing  Support  Arena  is  used  for  tests  ot  Iragment  impact  against  wings  or  wing 
sections,  rile  wing  support  structure  was  designed  to  imnimi/e  secondary  ilamage  caused  h\ 
blast-support  interactions. 

Hie  V.AD.AM  (Vaporific  Damage)  .Arena  is  used  for  studies  of  vaporiHc  damage  to 
stiuctiires  (aircraft  or  otherwise)  from  hypervelocity  fragments  or  fragment  simulators.  Hie 
V ADAM  structure  (built  to  suppress  blast  Irom  the  linear  shaped  charges  used  to  accelerate 
the  Iragments  to  hy pervelocities)  is  .57  feet  long  and  1‘)  feel  high. 

Additional  facilities  are  the  Near  l ield  Blast  Id'fects  Arena  and  a facility  for  detonating 
explosive  tuel-air  mixtures. 

A tire  control  center  common  to  the  test  arenas  allows  synchronization  of  inultiple  test 
equipment.  .Any  combination  of  photo  instrumentation  can  be  synchronized  into  the  fire 
control  center  to  obtain  required  data. 

Weapons  'Projectiles  Available 

Projectiles  are  statically  detonated  at  these  lacilities.  Up  to  200  pounds  of  cased 
explosive  may  be  detonated  at  the  I ragmentation  Arena  and  the  Aircraft  .Arena.  Up  to 
5 pounds  ol  explosive  (shapeil  charge)  are  used  to  propel  fragments  at  the  W'ing  Support 
.Arena.  Up  to  100  pounds  linear  shaped  charges  are  used  to  propel  fragments  to 
hypervelocities. 
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l ive  Inert  t ire 

All  detonation  ol  projectiles  is  done  statically. 

Safety  (and  Security  I Reijuiivments 

Classified  materials  and  equipment  may  be  stored  at  the  range.  Range  safety 
requirements  are  available  on  reijuest. 

Power  .Availability 

l-.lectrical  power  is  available  at  range  buildings.  Fdectrical  or  hydraulic  power 
recpiirements  at  the  test  arenas  are  met  with  portable  generating  equipment. 

, Observation 

No  live  observation  of  tests  is  allowed. 

Instrumentation 

All  instrumentation  used  by  the  Institute  is  portable  and  can  be  used  at  either  their 
indoor  or  outdoor  ranges,  f or  instrumentation  information,  see  the  Instrumentation  section 
of  the  indoor  liallistie  Test  l-\u  ilitv  • Denver  Federal  Center. 

r 

DATA  HANDLING/PROCESSING 

DAT  A STORAGE  AND  RETRIEVAL 

Data  can  be  storeil  on  computer  card,  magnetic  tape  (7-  or  9-track)  oi  disk. 

I OIJK  K-l.(X)K  C APABILITIES 

Black  and  white  high-speetl  film  can  he  proces.sed  immediately.  Color  processing 
reiiiiires  trom  I to  3 days. 

PROC  ESSINC. 

Svstein  and  Model 

‘ Hie  Mathematical  Sciences  Division  acts  as  liaison  with  the  Universit;  of  Denver’s 

Computing  Center.  Hie  Center  operates  a Burroughs  B(>700  computer  (131  'Hs'  ix-byte 
words  core  memory  I. 
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Liiiau;ii;c 

I OKI  RAN,  BASK  . AKiOI.,  ( OBOL  and  PL  I may  bo  used  tor  both  batch  and 
tiinc-shanni!. 


INPUT/OLTPLI  OmONS 

( ard,  disk,  and  magnetic  tape  may  be  iiserl  for  data  input.  A Data  Communications 
Processor  is  included  witli  .^2  ports,  about  half  ot  which  are  assiunetl  to  teletype-speed 
dial-up  lines  with  the  remainder  assigned  to  dial-up  or  direct-connect  terminals  at  higher 
speciis.  Output  is  to  high-speed  printers  or  teletype.  The  system  has  four  tape  units  for 
d-track  1600  character/in.  phase  encoded  tapes  and  one  7-track  tape  unit  with  capability  of 
200.  and  XOO  characters/ in.  for  compatibility  with  other  systems. 


R[  A LI  I M I I NTH  R ACI  ION 

Approximately  16  teletype  terminals  are  available  for  operating  in  the  time-sharing 
mode. 


DISTRIBUTION  (TURNAROUND  TIME) 

lurnaround  tune  ranges  from  immeiliate  to  overnight,  depending  upon  the  size  of  the 
program  and  the  run  time  required. 
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\NNI  X X - IN  I RODUCTION 


oviRvn  w 

llu-  l alcon  KcsLMi'di  ami  Dcwlopmciit  Company,  a siihsidiary  of  the  Whittaker 
Corporation,  operates  a hallislie  test  ranye  on  SO  acres  oflaiul  whieli  used  to  be  part  ol  the 
lowr\  Rombme  Range.  The  range  is  located  30  miles  east  ol  Denver.  ( O.  and  is  extremely 
isolated,  making  it  wc'll  suited  for  tests  of  large  explosive  charges. 

1 alcon's  home  offi  ■ facilities  are  located  in  Denver.  (O.  Technical  stall  ollices, 
administrative  space,  a computer  facility,  darkroom,  insirumenlaOon  laboratorv,  machine 
shop  and  publication  lac  ' iy  occupy  approximately  12,000  11-  at  __5  South  Huron 
Street.  In  .Hldition,  the  firm  operates  a Baltimore  ottice  at  606  hairmount  Avenue, 
B.dtimorc.  MD.  which  is  almost  wholly  engaged  in  support  to  the  U.S.  Army 
Research  l aboratories,  lechnical  staff  offices  are  also  located  m Albuquerque,  NM. 
Butfalo  NY  and  Wasliimdon.  DC.  lalcon  has  engaged  m survivability  .'vulnerability  analysis 
and  tareet  description  work  for  all  three  services  and  the  aircratt  industry.  The  company 
also  has  many  years  of  experience  m explosive  physics,  weapons  eltects,  military  analysis 
and  opcr.itums  rese.ircli.  and  tire  and  combustion  research. 


I he  primary  p' 


int  of  contact  is  Mr.  Daniel  K.  Parks,  telephone  303-744-1473. 


(il  Nl  Rlt  AlRt  R \l  T SYSMAIS  (.SUBSYSTEMS)  TtSTED 

I he  l alcon  Rcse.irch  ami  Development  Company  test  range  can  be  used  tor 
ballistieally  testing  all  rotary-wing  or  tixed-wmg  aircratt  systems. 

SURVTV  ABILITY/VULNERABILITY  E ACT LITIES  OVERVIEW 

Up  to  200  pounds  of  high  explosive  (cased)  and  up  to  100-pound  shaped  charges  can 
be  fired  at  the  I alcon  Test  Range.  Projectiles  up  through  23-mm  HE  are  tired  on  a 50-toot 
vertical  ra-  'e.  Underground  tunnels  are  available  or  a revetment  could  be  constructed  tor 
additional  projectile  tiring  capabilities. 


ACCESS 

Hie  companv  offices  are  located  at  1 225  South  Huron  Street,  Denver.  Ca  The  test 
range  is  located  on  the  old  Lowry  Bombing  Range.  30  miles  east  ot  Denver  on 
East  Ouincy  Avenue  near  Bennet,  CO.  Access  to  the  range  is  by  road  or  helicopter.  Access 
by  air  is  to  Stapleton  International  Airport  or  the  Buckley  Air  National  (.uard  Base. 


273 


JT('(’,/AS-76-I)-001 


M \1NTI  N ANC  l I AHRK  ATION  CAPABILITY 

I alcon  t'abrii.atcs  all  its  own  rmimtions.  inckulmc  facilities  lor  t.astm!>  laruc  explosive 
charges.  Pressing  lacilities  are  limiteil  to  booster  pellets.  A very  limcted  machine  shop 
capability  allows  fabrication  of  small  items  at  the  range.  I'lill  machine  shop  capabilities  are 
available  at  the  Denver  facility. 


KK.ISTIC  AI.  SUPPORT  C APABILITV 

.Ammunition  loading  and  storage  facilities  are  available.  High  explosive  charges 
(including  shaped)  may  be  cast.  Logistical  support  h>r  tlxed-  and  rotary-wing  aircrall  .md 
aircraft  systems  is  available  from  either  the  Colorado  Air  National  (iuard  or  the 
L'.S  Air  I orce  (tenants)  at  nearby  Buckley  I'iehl. 


INDOOR  F Ad  UTILS 


l alcon  has  no  indoor  ballistic  test  facilities. 


OUTDOOR  F ACILITILS 


MAIN  RAN(.L 
Djinensions 

l lie  mam  ra>  ^e  is  a 50-acre  fencetl  site  locateil  within  an  uninhabited  area  5 miles  in 
diameter.  I he  test  area  is  located  in  an  old  l itan  1 launch  site.  The  facilities  include  sheds, 
ammunition  storage  hunkers,  instrumentation  trailers,  and  a very  limited  machine  >liop 
capability.  I'liere  are  several  blast  arenas,  with  fixed  camera  mounts  and  underground  cable 
lanes,  which  can  lu-  used  for  statically  detonating  projectiles  or  explosive  charges. 

A Vertical  gun  range  40  teet  ileep.  5 feet  in  diameter,  is  used  for  ballistic.illy  tiring 
projectiles  up  lliroiigti  2.Tmm.  A 10-ton  crane  is  on  site  for  handling  target  materials. 
.Additional  gunfire  ranges  are  planned  lor  construction  as  needed  (either  al'ove  ground  or  m 
existing  tunnels). 

Wea|)ons  Projectiles  Available 

( urrently,  a .50-cahber  weapon  is  available.  Adilitional  weapons  are  available  on  loan 
on  sliort  notice.  Projectiles  up  to  and  includmi’  2.  .iim  ML  may  he  fired  on  the  vertical  gun 
range.  I ragmentmg  munitions  up  to  200  pounds  and  larger  hare  charges  (and  fragments 
charges  fired  underground)  may  be  tested  m the  tdast  arenas,  l-.xplosive  charges  up  to 
100  pounds  III  a single  pour  may  be  cast  at  the  range.  With  minor  modifications,  charges  up 
to  200  pounds  could  he  cast  in  this  facility. 
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1 ive  Inert  l ire 


I rajzmentme  munitions  up  to  200  pounds  iiuiy  be  sUilicully  detitnaled.  l.ive  Hb. 
projectiles  up  to  and  including  2d-min  may  be  tiretl  on  the  vertical  range. 

Safety  (and  Security)  Re(|uireinents 

1 aeilities  are  available  for  storage  ol  classified  materials  at  the  range.  Range  safety 
rei|Uirements  are  available  on  reciuest. 

Power  .\v ailability 

Standard  I 10-  and  220-volt  electrical  power  (6(J-cycle,  single-phase)  is  available  at  the 
range  (.10  kW).  Additional  renuirements  can  be  met  with  portable  generators. 

Observation 

No  direct  observation  is  allowed.  Tests  can  be  observed  by  mirror. 

In-Might  ballistic  Instrumentation 

lestsand  instrumentation  at  this  facility  are  oriented  toward  terminal  effects, 
leriniival  Hallistic  Instrumentation 

IMK)  K )(;R.\I’IIM  Multiple  llycam  and  bastes  high-speed  cameras  with  framing  rates 
up  to  ‘MH)0  Irames/see  (17.000  split  Irame)  are  used  to  record  test  results.  Millikan  cameras 
(400  tr.imes  sec)  and  a Heckman  Whitley  (Cordin)  Model  1X0  camera  system  (200.000  to 
2.4  million  Irames/see)  .ire  .ilso  avail.ible.  1 he  ei|uipment  and  cap.ibilities  are  available  tor 
obtaining  the  lull  range  ot  photogiaphle  coverage  simultaneously  with  the  ultr.i  high-speed 
camera. 


I IMINTl  I’.ipei  and  light  screens  .ire  used  with  electronic  timeis  ol  /asec  accuracy. 
1000  cvcie  sec  tuning  lichts  .ire  used  on  the  l()-mm  c.imer.is. 

IIARDW  IRI  ; 1 1 I I Ml  I lO'.  I’ie/oelectne  transducers  measuring  strain,  pressure,  tem- 
perature. and  similar  measurements  are  recorded  on  magnetic  tape  (two  14-ehannel 
recorders),  recording  oscilloscopes,  or  oscillogiaphs. 

I nvironmental  Simulation  and  Measurement 


None. 


DATA  HANDLINC;  PRO(  b.SSINC. 


DATA  STORA(.l  AND  Rb  IRD  VAl. 

Data  can  be  stored  on  magnetic  tape,  disk  or  computer  caul. 
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UlIK  k I OOk  ( \P  \H11  II  M S 

Hk'iv  ari-  no  i|UK'k-look  Lap.ihilitios;  however,  since  film  processiri}:  is  done  m-hoiise, 
lilm  cati  he  develi'ped  immedialeU. 


I*K(K  I SSINt, 

S\  stem  aiT<l  M(ule[ 

( onipiiler  and  data  processini;  services  are  provided  hy  a Cieneral  Automation 
Si’l’-I(i  ss  ( oinputer  ( 4(),()00-core  memorv  ). 

l.aneuagc 


1 OK  1 KAN.  H.ASK  , anil  .Assembly  I anguase  may  he  useii. 

Input  Output  Options 

St.indard  I/O  optiims  are  available  in  addition  to  a C’alcomp  Plotter  Model  ‘>36.  Tapes 
are  ‘>-track,  KOO  hpi,  and  are  IBM  compatible. 

Kealtiino  Interaction 

Kealtime  interaction  is  minimal. 


DISI  KIBl'TION 

Turnaround  time  can  be  immediate  it  desired,  since  the  computer  is  .ip  t.ited  b\ 
I alcon. 


276 


JTC(iMS-76-l)-001 


ANNl  X Y - IN  IRODUCTION 


OVl  KV|[  H 

1 Iw  l ircsloiK'  Cuiitod  I .ibrics  Company's  IxillislK  test  rantie  was  dcsiimcil  aiul  is  used 
tor  testing  selt'-sealiiig  tiiel  cells  and  hlaiklers  ami  inerting  s>stenis.  It  is  located  at 
2525  l iresione  Ulvd.  in  Southgate.  ( A.  a siihurh  of  I. os  Angeles. 

File  primars  point  ot  contact  concerning  testing  at  this  lacility  is  Mr.  V.  .1.  Matteson. 
Manager.  Test  I aeility.  telephone  21.^-5S.V()1  2.C 


Cl  NFKK  MK(  RAF  I SYSTI  MS  (SI  RSYSTI  MS)  Tl  STI  I) 

[Ills  t.icihty  is  deilicated  to  the  testing  of  sell-sealing  aircratt  tuel  system  components. 


SCRVIVAHIUTY  VUl.M  R\im  1 1 Y I A(  II  1 FlhS  OVI  RVII  VV 

1 here  is  one  outiloor  range  .it  this  l.icihts.  It  is  well  designed,  eipiippeil.  and 
instrumented  For  its  intended  use. 


A(C I SS 


I he  I'lrestone  I'acility  is  easiK  accessible  b\  all  me.ms  ol  transporatimi.  It  is  2 miles 
from  the  intersection  of  the  l.ong  Reach  I reess.iy  (('alilornia  Route  7)  ,md  I'irestone  Rlvd. 
A spur  ol  the  Southern  I’.icilic  R.ulroad  esteiuls  onto  the  l irestone  plant.  I. os  .Angeles 
International  Airport  is  10  miles  veesi  ol  the  l.icilily.  The  l.os  Angeles  li.irbor  is  I 5 miles 
south  ot  the  lacilily. 


MAI.MI  NA.\(  1 I AHRK  Al  ION  ( Al'AHM  II  Y 

( omplete  mainten.mce  and  fabrication  support  is  available  from  the  f'irestmie  mar 
iilacturing  plant  which  is  colocated  with  the  I'acility, 


L()(.ISFI(  S SUITOR  1 ( Al'Aim  i lY 

An  ample  supply  of  all  calibers  of  ammunition  is  stored  at  the  facility.  Other  logistical 
suiiport  IS  available  Irom  the  colocated  m.inulacturing  pl.mt. 


INDOOR  I AC  Il  nil  S 


No  indoor  test  lacility  is  av.iilable  at  this  site. 
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OUTDOOR  FACILITfUS 


DIMtNSlONS 

The  weapon  mount  is  in  a small  hiiikling  which  opens  onto  an  open  area  which 
terminates  in  a backstop  and  fuel  containment  area  75  feet  away. 


WEAPONS/PROJECTILES  AVAILABLE 

Operational  weapons  of  .30,  .50,  and  .60  caliber  and  14.5-  and  20-mm  are  available  on 
the  range.  Standard  operational  rounds  of  ball,  AP  and  API  ammunition  can  be  useti  in  all 
tests. 


ENVIRONMENT 

All  tests  are  conducted  under  low  temperature  -75°F  or  ambient  conditions. 


EIVE/INERT  EIRE 

Only  ball  or  ,M’I  rounds  may  be  tired  on  this  range. 


SAFETY  (AND  SECURITY)  REQUIREMENTS 

ClassiFied  materials  can  be  tested  in  this  facility.  Fuel  siuantities  are  limited  to 
400  gallons  for  any  test.  Eiretlghting  cr|Liipment  must  be  present  ilurmg  all  testing. 


POWER  AVAILABILITY 

Commercial  electrical  power  of  1 10  and  220  VAC  is  available  on  the  range. 


OBSI  R V ATION  ( OM M U N 1C ATION 

Dire  t visual  observation  is  permitted  from  the  firing  point.  No  communication  other 
than  voice  is  provided  on  the  range. 


IN  I I.IGHT  BAI  LISTK  INSI  RUMI  NTATION 
1-asor  Plidtogiaphy 

•\  v.iriety  ol  high-speed  motion  picture  aiul  still  cameras  are  available  from  a central 
instrumentation  pool  .it  the  l irestonc  plant. 
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Timing 


Papcrbrcak  velocity  screens  are  used  in  conjunction  with  oscillograplis  to  measure 
projectile  velocities. 

Hardwire/Telenietry 

All  instrumentation  is  connecteil  by  hardwire  circuits. 


TERMINAL  BALLISTIC  INSTRUMENTATION 
Laser  Ph o t og)  a h y 


A variety  of  high-speed  motion  picture  and  still  cameras  are  available  for  recording 
impact  phenomena. 

Timing 

V'arious  sensors  for  measuring  pressure,  temperature,  or  other  forces  are  used  in 
conjunction  with  oscillographs  for  recording  terminal  effects. 

Hardwire  'Telemetry 

All  instrumentation  is  connected  by  hardwire  circuits. 


DATA  HANDLING  PROCESSING 
DATA  STORAGE  AND  RETRIEVAL 

The  data  collected  at  this  facility  are  in  the  form  of  photographs,  oscillograph  traces, 
and  high-speed  film.  These  are  normally  reduced  manually  and  sioreil  in  hard  copy. 

QUICK-LOOK  CAPABILITIES 

Data  are  usually  available  for  nuick-look  analysis  within  a few  hours  after  the 
completion  of  a lest. 

PROCLSSINf, 

Data  analysis  is  normally  accomplished  through  manual  means.  The  relatively  small 
volume  of  test  data  have  not  made  computer  processing  ilesirable  or  economically  feasible. 


f 
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ANNHX  Z - INTRODUCTION 


OVI  RVll.W 

riic  (;i-,;ASI)  (Cpi-ncral  l.lectric  Company,  Armament  Systems  Department),  operates 
iiiuier  eontraet  l)AAA0‘^>-74-C-20f)5  a weapons  testine  range  in  L'lulerhill,  VT,  approxi- 
mateU  20  miles  east  of  its  engineering  and  manuraetiiring  t'aeilities  in  Burlington,  VI . 
Current  eontraets  authori/e  (through  approved  safety  plans)  the  tiring  of  5.56-,  20-,  7.62-, 
and  30-mm  weapons  from  fixed  loeations.  and  limited  firings  from  helicopters  on  the 
General  Meetrie  managed  portion  of  the  range.  Air  space  is  restricted  and  under  the  joint 
control  of  the  Vermont  National  Guard.  General  Tlectric  Company,  and  the  Burlington 
.Airport  Office  of  the  TAA. 

Any  proposed  usage  of  the  area  of  the  Underhill  Range  managed  hy  General  Ideetric 
for  the  U.S.  Army  Armament  Command  wouki  reiiuire  specific  contractual  coverage  by  the 
contracting  officer. 

GIU'ASD  is  engaged  in  designing,  developing  and  manufacturing  many  advanced 
armament  systems  utili/.ing  the  20-mm  M61  Vulcan  gun.  its  M-147  derivative,  the  7.62-mm 
Ml  34  minigun  and  the  30-mm  C.AU-8  Aveimer  win.  Armament  systems  designed  and  built 
In  (.IVA.SD  ciirrentlv  arm  1-104.  F-105.  T-106.  T-41  . T-l  II,  A-7,  1-14.  1-15.  1-16.  I-I8. 
()\’-l()  (HOGS).  A-.37.  .V4.  and  A- 1 0 aircraft ; All-IG.  AH-IJ.  1111-53.  Idl-IT.  Ull-IN. 
()ll-().  011-58.  CH-53,  .SII-3,  and  UH-lB  helicopters;  f -4T.  C-119.  and  C- 1 30  gimships; 
M-163  and  M-167  Vulcan  .Air  Defense  Systems.  .Advanced  programs  include  single  barrel 
weapons  from  ’’.62-  to  30-mm.  lightweight  guns,  liquid  propellant  weapons,  high 
performance  mounts  and  armament  stations,  nen  air  defense  system,  ammunition 
development,  barrel  material  studies,  and  plastic  cimiponents. 

(II  ASD's  proiluction  facilities  in  Burlington  have  over  500.000  ft-  under  root  at  three 
facilities.  These  aie  supported  by  the  I'lulerhill  Tiring  R.inge.  approximately  2000  acres 
which  |iresents  ideal  conditions  for  lestiiiL'  explosive  ordnance,  rockets,  guns,  teed  systems, 
ami  a varietv  of  armament.  GT./.ASI)  has  well-e>iuipped  facilities  capable  of  supporting 
armament  ami  materials  evaluation,  development  ami  research  progr.ttns.  Ihe  primary  points 
of  contact  for  this  facility  are: 

1.  Total  Underhill  Range  (GT  and  National  Guard  manageil  portions): 

I ( ))R  Tverett  i’.  Diener 
Dir.  I&S 

U.S.  Army  .Arm.inient  ( oinmand 
Rock  Islaiul.  II  51201 
AMSAR-IS 
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2.  ('icncral  I'2ectric  Maiuiecil  Portion; 

a.  Toclinical 

Mr.  B.  B.  I'ollett,  Manager 
l iring  Kange 
Ciencral  Mectrie  Co. 

Lakeside  Avenue 
Burlington,  VT  0.S401 
802-658-1500,  ext.  6281 

or 

Mr.  J.  M.  rniniper.  Manager 

Advaneeil  Armament  Systems  Lngmeering 

General  hleetrie  Go. 

Lakeside  Avenue 
Burlington,  V L 05401 
802-658-1500.  ext.  642X 

b.  Conlraetural 

•Mr.  ILL..  Wright.  Manager 
Operational  Plaiming 
General  Ideet’'ie  Go. 

I.akesiile  Avenue 
Burlington,  VT  05401 
802-658-1500,  ext.  6466 


(.LNLRIG  AIRGK AM  SYSI  LMS  (SUBSYSTLMS)  TLSTII) 

The  Uiuierhill  luring  R.inge  performs  both  proiluetion  and  developmental  tests  on 
armament  systems  including  guns  up  to  30-mm.  I'ests  can  be  conducted  from  eight  firing 
lanes  oriented  toward  gun  production  testing,  or  from  four  ranges  for  IIL  effects  tests, 
ballistics  testing,  or  trom  aircraft. 

SIRVIV  \BI1  II  Y VGLM  R ABILIIY  1 AGILITILS  OVLRVll.W 

Ihe  I tKierhill  luring  R.inge  consists  of  a production  testing  range  with  eight  liring 
lanes  .md  live  .luxihary  tiring  ranges.  One  is  used  for  tiring  HI  rounds  and  one  has  a bullet 
catcher.  Ihe  prim.iry  r.inge  can  be  used  to  eonduct  eight  iliflerent  weapon  systems  tests 
sei|uentiall>  with  autom.itic  computer  controlled  data  collection. 


\(  ( I .SS 


Access  to  the  range  is  via  secondary  state  roads.  I lie  production  f acilities  m Burlington 
have  access  to  both  rail  and  ,iir  traiispor.ilion 
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M AINTI  N \N(1.  I ABRICATION  CAPMJILH  Y 

riie  (ilVASl)  production  pkints  luive  complete  nuichine  shops  tor  l;ilsric;iting  test 
specimens  ;ind  fistures  in  ;iddition  to  production  Idcilities  lor  labricating  complete 
armament  systems.  A less  c.xtensive  machine  shop  capability  exists  at  the  range  itsell. 
Maintenance  for  all  aircraft  systems  could  be  maiie  available  through  either  the  Burlington 
•Air  National  (iuard  or  from  the  nearby  I’lattsburg  Air  l orcg  Base. 


LOGISI  1C AL  SLil'I’ORT  CAPABILITY 

lixtensive  shop  and  laboratrrry  support  facilities  are  available  at  the  Burlington 
production  facilities.  Ammunition  and  weapon  storage  facilities  at  the  range  are  also 
extensive  (including  Class  A and  C explosives).  Ordnance  loading  facilities  are  available  at 
the  range. 


INDOOR  I ACIl  ITII.S 


One  indoor  range  is  located  at  the  Lakeside  Avenue  plant  in  Burlington  but  it  is  not 
oriented  toward  survivability /vulnerability  testing.  I'liis  range.  20  feet  long  with  a .V,  by 
3-foot  impact  area,  could  he  modified  for  small  caliber  impact  tests  it  necessarx'. 


OlilDOOR  F.ACILITILS 


MAIN  RANG!: 

Dimensions 

( file  Main  Range  consists  ol  eight  enclosed  fixed  stations  which  can  lie  used 

f sei|uentially.  1 .ich  station  lias  a gun  mount  capable  of  mounting  single  or  nuiltibarrel 

we.ipon  systems  for  testing  gun.  turret,  teed  and  sighting  systems,  and  sating  and  arming 
devices.  I ach  station  is  approximately  1 5 by  1 .S  by  I.Sleet.  A target  stand  is  located 
1000  inches  Irom  the  stations.  Projectiles  are  stopped  by  a dirt  hill  (XO  leet  high) 
.ipproxmiately  200  yards  from  the  tiring  station. 

Weapons  Projectiles  Available 

(inns  are  .ivailable  tor  tiring  up  to  40-mm  projectiles  at  this  range.  Only  inert 
.mmumition  is  tired  at  this  loc.ition. 

Live/lnerl  I ire 

Inert  iirojectiles  only  may  be  fired  troin  these  tiring  stations. 
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Safety  (anil  Security)  Requirements 

Safely  anil  security  rciiuirctnciUs  are  available  from  the  ratii’e  safety  officer. 

Power  Availability 

lilectrical  power  at  either  60  or  400  cycles  is  available  at  various  voltages  up  to 
480  volts.  1)('  voltages  commonly  useil  on  aircraft  and  ground  vehicles  are  also  available. 
Hydraulic  power  up  to  .SOOO  psi  (at  60  gal, 'min  flow)  is  also  available  at  each  lane. 

Observation 


Tests  can  be  observed  directly  through  ports  at  most  stations. 

In-Fligbt  Ballistic  Instrumentation 

I’llO  [(KiK.M’IIY.  riie  jihotographic  equipment  shown  in  Table  Z-1  is  available  at  the 
Underhill  range  in  addition  to  various  eameras  for  still  photographs. 

1 1 MING.  l iming  is  down  with  ballistic  light  screens  or  paperbreak.  A typical 
arrangement  of  four  screens  can  be  used  to  provide  horizontal  and  vertical  round  positions 
relative  to  boresight  and  round  velocity  automatically  via  the  RDAS  (Range  Data  Acquisition 
.System)  for  each  round  during  burst  firing.  IRlG-B  timing  is  used  for  system  timing. 

1 1.\R1)\V  1 Rl.,  Pressure,  temperature,  strain  or  torque  can  be  recorded  automatically 
through  the  KD.AS  computer  system  on  11  analog  channels.  Additionally,  separate  (It) 
each)  1 8- and  .52-channel  oscillograjihs  can  be  used. 

on  H R.  The  RDAS  provides  rapid  data  processing  of  test  results  from  weapon  system 
instrumentation.  Lane  instrumentation  (from  each  lane)  is  directly  connected  to  RD.AS. 
This  system  provides  the  capability  for  extensive  data  processing  towards  immediate  printed 
output  of  usable  results.  The  following  equipment  provides  this  capability: 

1.  140  Dl.U  Processor  ((>4,000  core) 

2,  I.MS  with  ( alelus  Disk  Drive  (one  fixed,  one  removable) 

.T  Realtime  Oscillograph  (24-channel) 

4.  Dl.U  G 140  Graphics  Terminal  (28,000  core) 

5.  Teletype  to  each  lane 

6.  Analog  Tape  drives 

7.  Printec  1 00-line  |irmter. 

Ihis  eiiuipment  provides  I I analog  cliannels  (with  planned  expansion  to  24)  ,md  l6-event 
chan  nels, 

Icrminal  Ba I listic  I nstrumentation 

Instrumentation  is  available  for  m-llight  measurement  and  terminal  elTccts  ,ilso. 


284 


JTCG/AS-76-D-001 


Lnviromnental  Simulation  :iiul  Mcasuremi.Mil 

Weapons  and  targets  can  he  temperature  conditioned  (-65°  to  +265°h  ). 

VEHIC  LE  AND  HELK  OFFER  R ANC.E 
Dimensions 


Vehicle  firing  is  done  from  a 50-  by  50-foot  huililing.  Target  areas  are  available  at 
ranges  up  to  1400  meters.  Helicopter  ground  firing  can  be  done  from  the  50-  by  50-fool  pad 
adjacent  to  the  vehicle  test  building. 

Wca|)on.s  Prt'jeeliles  .Available 

Inert  projectiles  up  to  40-mm  can  be  grouiul  fireil  at  target  distances  of  up  to 
1400  meters.  Helicopters  can  air-fire  inert  projectiles  at  targets  up  to  1 2.000  feet. 

Live  Inert  Eire 

Projectiles  fired  must  be  inert. 

Safety  (and  Security)  Requirements 

Safety  and  security  requirements  are  available  from  the  Range  Safety  Officer. 

Power  Availability 

l.lectrical  power  (bOcycle,  75  kVA)  is  available  at  this  site.  Hydraulic  power  can  be 
provided  by  two  portable  units  (to  3000  psi)  at  54  gal  inin  and  to  5000  psi  at  30  gal  min. 

Observation 

(iunfire  tests  can  be  observeil  from  the  firing  building. 

Instrumentation 

All  instrumentation  at  the  Underhill  firing  Range  is  portable  except  the  RD.AS 
recording  and  processing  system.  Direct  print  oscillograph  recorders  are  used  for  data 
aciiuisition. 


MUM  I IONS  TEST  AREA 
Dimensions 

firing  at  this  range  is  done  from  two  10- by  15-foot  armored  firing  rooms  (one  lead 
lined  for  use  of  x-ray  eriuipment)  and  from  a 20-  by  42-loot  concrete  pail  with  a movable 
roof.  Weapons  are  fired  into  reinlbrced  concrete  bunker  76.55  meters  downrange.  The 
bunker  is  I 2 by  12  leet.  33  feet  deep.  Targets  such  as  trucks,  helicopters,  or  large  aircraf  t 
sections  can  be  used. 
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Weapons/Projectiles  Available 

Projectiles  up  to  40-nim  MB  orsliaped  charge  may  be  fired. 

Live'lnert  Fire 

See  U'cai>onsi Projectiles  A vailahle. 

Safety  (and  Security)  Requirements 

Safety  and  security  requirements  are  available  from  the  Range  Safety  Officer. 

Power  Availability 

Hlectrical  power  (60-cycle)  is  available  at  this  range.  Other  electrical  or  hydraulic 
power  requirements  can  be  met  with  portable  units. 

Observation 

Tests  cannot  be  directly  observed. 

Instrumentation 

All  instrumentation  at  the  Underhill  Firing  Range  is  portable  except  the  RDAS 
recording  and  system.  See  Main  Range  Instnanentation  documentation  for  specifics. 


DATA  HANDLING/PROCESSING 

DATA  STORAGE  AND  RETRIEVAL 

See  the  RDAS  documentation  m the  Main  Range  Instrumentation  section. 


OUK  K-LOOK  CAPABILITIES 

See  the  RDAS  documentation  in  the  Main  Range  Instrumentation  section.  B&W  film 
can  be  processeil  immediately.  Color  processing  recpiires  approximately  a week. 


PROCESSING 

Data  processing  can  be  accomplished  on  the  RDAS  at  the  range.  The  following 
additional  processing  systems  are  available  at  the  Burlington  facilities. 
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System  and  Miulel 

rile  t'ollowing  systems  ;ire  availahle  for  use: 

1.  (il  Mark  III  1 ime-Shaiiiig 

2.  Honeywell  6000  series  general  purpose  digital  eomputer  located  in  Utica,  NV. 
through  a time-sharing  or  remote  hatch  mode. 

3.  In-house  Honeywell  (i  400. 

4.  r.\|  680  Analog  Computer. 

5.  Interactive  Ciraphics  Terminals. 

Language 

Most  common  computer  languages  are  available  on  one  or  more  of  the  above  systems. 
Input  Output  0[)ti()iis 

St.mdard  1 ()  options  are  availahle.  A Calcomp  drum  plotter  is  available  on  the 
Honeywell  (i  400.  An  X-Y  plotter,  ( KI,  8-channel  brush  recorder  and  analog  tape  drives  are 
available  on  the  1 A1  f>80.  Appro.ximately  10  terminals  are  available  tor  the  time-sharing 
systems. 

* Realtime  Interaction 

l ime-sharing  terminals  are  available. 

DLSI  RIHirnON  (TURNAROUND  TIML) 

I urnaround  time  is  usually  excellent  (ilepending  upon  the  length  of  job). 
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Table  Z-1.  Available  Pliotographie  luiiiipincni. 

Type 

16-mm  Arriflex  movie  cameras 

16-mm  l astex  high  speetl  movie  eameras 
( 100  feet)  8000  frames/sec 

16-mm  Hyeam  high  speed  movie  camera 
(400  feet)  22,000  frames/sec 

16-mm  High  speed  movie  camera 
( 100  feet)  8000  frames/sec 

16-mm  Locam  movie  camera 
5 to  500  trames/sec 

Micro  Tlash  equipment  set 
Video  Logic  (viiieo  tape)  ecpiipment 
600  kV  pulsetl  x-ray  ecpiipment 
300  kV  pulsed  x-ray  ecpiipment 
180  kV  pulsed  x-ray  ecpiipment 


Number 
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ANM.X  AA  IM  RODIJC  TION 


OVl  KVIl  VV 

I he  V^inelool  1 ;iko  luci  Cell  lest  1 aeihty  is  oper;iteil  by  the  I ngineereti  I ahries 
Division  (>t  the  (looihear  Aerospace  Corporation.  I he  laeility  is  kreated  X miles  east  of 
Akron.  Oil,  and  iloes  ilevelot  mental  lestm;;.  (lualifisation  and  I'rodnction  lesling  of  ruhher- 
i/ed  I'ahrie  products  I'riun  rither  (ioodycar  plants.  In  addition  topimtire  tests,  the  f'ollowine 
tests  are  pertormed  at  this  laeility; 

1.  .Slosh  ami  \ ihration  1 1 lot  and  Cold) 

2.  lemperature 
,C  I ittinii 

4.  Pressure 

.S.  Puncture  and  Impact  Pear 
(i.  Drop  ( to  X.S  t'eet ) 

The  test  facilities  are  supported  by  the  developmental  and  production  facilities  of  (ioodycar 
■Aerospace  Corporation.  Primary  point  of  contact  is  Mr.  James  1 . Wells.  Product  Mana5>er. 
I.ngineered  l ahrics  Division,  telephone  216-744-7.702. 

(.KM  RIC  AIRCRAKT  SYSTl  MS  ( SUBSYSThMS)  TLSTKD 

riie  primary  function  of  the  test  facility  is  to  pertbrm  developmental  and  production 
tests  of  rubberized  fabric  proilucts.  Self-sealine  and  crash  resistant  fuel  cells  and  fuel  lines 
constitute  a .signitlcant  portion  of  these  products.  Pull  size  fuels  can  he  testeil  as  well  as 
material  panels  up  to  2 by  2 feet  in  test  cells.  Cells  installed  in  aircraft  sections  can  also  be 
tested. 


SURVIVABILITY  VULNLRABILITY  FACILITILS  OVLRVILW 

I 

1,  One  open  75-toot  {tunlire  range  is  available  to  shoot  up  to  2.7-mm  111  I projectiles. 

I■.,\cellent  firefighting  capability  will  allow  test  tiring  at  full  fuel  cells,  fhe  (ioodyear  Aero- 
space CoriKiration  is  currently  under  a military  contract  which  would  facilitate  arrange- 
ments tor  conducting  gunfire  tests  for  other  outside  users. 

’ A((ISS 

t 

. .All  modes  of  transportation  are  availalde  in  the  area.  Pinal  delivery  of  materials  to  the 

test  site  is  by  truck. 
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M AlNTENANCE/FAimiCATION  CAPABILITY 

Limited  machine  shop  facilities  are  available  ut  the  test  site.  l ull  maintenance  and 
fabrication  facilities  are  provided  by  the  Goodyear  Aerospace  production  facilities  8 miles 
away. 


LOC.ISTICAL  SUPPORT  CAPABILITY 

The  test  facility  can  provide  storage  for  up  to  Class  IV  ammunition.  Reloading  facilities 
are  available  for  up  to  20-mm  projectiles. 


INDOOR  FACILITIES 

No  indoor  gunfire  facilities  are  available. 

OUTDOOR  FACILITIES 


GUNFIRE  RANGE 
Dimensions 

C.unfire  tests  are  conducted  from  a 20-  by  20-foot  building  across  an  open  75-fooi 
range.  The  target  area  is  a 1 5- by  20-foot  concrete  pad  backed  by  a sand  hill,  larget 
handling  at  the  pad  is  facilitated  by  one  5-ton  and  two  2-ton  cranes.  Targets  up  to  1 5 feet 
high  can  be  accommodated.  A drain  (into  a recovery  tank)  is  located  in  the  center  of  the 
pad  to  reduce  the  fire  hazard  during  fuel  tests,  (fuel  storage  tor  32,000  gallons  ol  luel  is  on 
site. ) 

Weapons' Projectiles  Available 

The  following  caliber  smooth-bore  barrels  are  available:  .234.  .30.  .40.  ..50.  and  .60. 
Rilleil  barrels  are  available  for  7.62-.  I 2.7-,  1 4. 5-,  20-,  and  23-mm.  Projectiles  up  to  20-mm 
can  be  reloaded  on  site. 

Live  Inert  Fire 

Live  fire  of  the  above  calibers  is  permissible. 

Sa fcty  (and  Security)  Reriuirements 

Range  safety  requirements  are  available  on  rer|uest.  I here  is  no  approved  storage  tor 
classified  materials  at  the  test  site,  but  facilities  are  available  at  Goodyear  Akron  plant 
(enclosed  grouiul  lloor.  drive  in  .ipproximately  20.000  It-). 
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► 

i 


Power  \vail;ihilil y 

i leetneal  power  is  ,i\ailalile  at  I It)  aiul  440  \’AC  and  14  to  28  VDC. 

Obsen  ation 

No  direct  observation  ol  tests  is  alloweil  iisini’  III  projeetiles. 

In-l  lii^l  Hallistie  liislru mentation 

In-llielit  instrumentation  is  usually  limited  to  projectile  velocity  measurement  using 
paperbreak  and  an  Autron  timer. 

Terminal  Hallistie  Instrumentation 

IMIOKKiKAIMIIC.  Ihe  following  cameras  are  available; 


Speetl. 

Camera 

frames,  see 

Capacity.  It 

Photosonie 

0- 1 ()()() 

400 

llycam 

O-l  1. 000 

400 

l astex  (2) 

0-8000 

•Standard  Motion  I’ieture 

I IMIN’ti.  Timing  is  accomplisheil  using  paperbreak  and  chronograph. 

II.AKDWIRI  Tl  I I Ml  IKY.  I’re.ssure.  temperature  and  strain  measurements  may  be 
recouied  using  a 1 4-track  Sangamo  tape  recorder  or  an  1 8-channel  Bell  and  Howell 
Re eo ril  i n g ( )se  i I logra  p h . 

* l.nv  ironmental  Simulation  and  Measurement 

Test  cells  and  their  contents  may  be  temperature-conditioned  prior  to  test  firing. 

f 

t DATA  H \M)I  IN(i  I’ROa  SSING 

DATA  STOR  \(.I  AND  Rl  TRIhVAL 

Data  can  be  stored  on  disk  or  tape. 

r*. 

(i 

gUK  K-I.OOK  C APABILITII  S 

Recording  oscillograph  records  are  available  immeiliately.  BAiW  film  is  available  within 
I to  2 days.  Color  Him  processing  recjuires  approximately  a week. 
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PROCESSING 
System  and  Model 


IBM  370  and  1130  models  and  a Xerox  Sigma  9 computer  systems  are  available  in 
addition  to  analog  computing  facilities. 

Language 

FORTRAN  and  assembler  languages  are  usually  used.  The  IBM  370  also  supports 
COBOL  and  PL/1. 

Input/Output  Options 

The  usual  I/O  options  are  available.  In  addition,  the  IBM  1 130  has  a CRT  display  and  a 
Calcomp  Plotter  and  the  Sigma  9 has  several  remote  terminals. 


DISTRIBUTION  (TURNAROUND  TIME) 

Turnaround  time  is  usually  5 to  10  minutes  (seldom  more  than  2 to  3 hours). 
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ANNEX  BB  - INTRODUCTION 


OVERVIEW 

Tlic  Arizona  Division  ot  Ciooclyear  Aerospace  Corporation  is  located  in  Litdit'ield 
Park.  AZ.  The  Division  plant  facilities  occupy  more  than  100  acres  adjacent  to  the  Phoenix- 
Litchfield  Municipal  Airport,  18  miles  west  of  Phoenix.  The  plant  includes  approximately 
1, 1 42.09.*!  ft-  of  floor  space,  of  which  810,01.1ft-  are  available  for  manufacturinp 
activities.  Approximately  78.000  ft-  of  the  manufacturing  area  are  utilized  for  the  manu- 
facture of  plastic  components  and  assemblies.  The  ballistic  test  facility  is  used  primarily  to 
support  the  plastics  division. 

Goodyear  Aerospace  has  pioneered  in  the  development  and  production  of  light  weight 
armor  materials,  both  opaque  and  transparent,  which  are  applicable  to  combat  aircraft.  Ttie 
pnmars'  contact  for  this  facility  is  Mr.  John  Harman,  telephone  b02-9.12-32.12.  ext.  452. 


GENERIC  AIRCRAFT  SYSTEMS  (SUBSYSTEMS)  TESTED 

The  ballistic  test  facility  at  the  Goodyear  Aerospace,  Litchpark  Park  plant  is  used 
primarily  for  testing  transparent  armor  materials  and  for  determining  the  spall  character- 
istics of  other  plastic  materials. 


SURVIVABILITY/VULNERABILITY  FACILITIES  OVERVIEW 

The  ballistic  test  facility  is  shown  in  Figure  BB-1.  This  underground  facility  is 
extensively  used  for  testing  the  ballistic  protection  properties  of  various  composites  and 
candidate  materials  under  development.  It  is  within  walking  distance  of  all  other  Arizona 
Division  plant  facilities. 


ACCE.SS 


The  facility  is  located  just  off  U.S.  80  on  Litchfield  Road.  It  is  adjacent  to  the 
Phoenix- Litchfield  Municipal  Airport  which  has  runways  capable  of  handling  the  largest 
cargo  aircraft.  It  is  approximately  18  miles  west  of  the  Phoenix  Sky  Harbor  International 
Airport  which  is  served  by  scheduled  airlines.  A spur  of  the  Southern  Pacific  Railroad 
extends  to  the  plant  area. 


MAINTENANCE/FABRICATION  CAPABILITY 

The  Arizona  Division  Plant  has  complete  machine  shops  for  fabricating  test  fixtures  in 
addition  to  production  facilities  capable  of  fabricating  test  specimens. 
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LOGISTIC  SUPPORT  CAPABILITY 

Lxtcnsivc  shop,  storage,  and  laboratory  support  are  available  in  the  Arizona  Division 
facilities. 


Precision  cartridge  loading  facilities  for  standard  rounds  up  to  and  including  .55  caliber 
are  available.  Storage  is  available  for  complete  rounds  and  for  propellant. 


INDOOR  FACILITIES 


BALLISTIC  TEST  FAOLITY 
Dimensions 


Tlie  Ballistic  Test  Facility  consists  of  a buried  steel  culvert  which  is  1 2 feet  in  diameter 
and  35  feet  long.  Two  rooms  of  reinforced  concrete  construction  are  attached  to  one  end  of 
the  range.  One  room  is  used  for  storage  of  weapons  and  supplies  and  the  other  is  used  as  a 
cartridge  loading  facility.  Figure  BB-1  shows  the  configuration  of  the  indoor  facility  while 
Figures  BB-2,  BB-3,  and  BB-4  show  views  of  the  facility. 

A steel  bulkhead  and  door  separate  the  storage  room  from  the  firing  area.  A wooden 
bulkhead  backed  by  earth  fill  provides  a backstop  for  bullets  and  fragments. 

Normal  distance  between  the  weapon  and  test  specimen  is  15  feet.  Distances  up  to 
30  feet  may  be  used. 

Weapons/Projectiles  Available 

Rifled  weapons  at  .22,  .223,  .30,  .308,  .38,  .44,  .45,  .50  and  .55  caliber  and  5-,  5.56-, 
7.65-,  and  9-mm  are  available.  Ball  and  AP  ammunition  are  available  for  various  weapons. 
Precision  loading  equipment  permits  desired  velocities  to  be  achieved. 

Environment 

No  artificial  environments  can  be  induced  on  the  range.  Test  specimens  can  be 
preconditioned  if  very  warm  or  very  cold  temperatures  are  necessary  for  the  test. 

Live/lnerl  Fire 

Inert  projectiles  up  to  .55  caliber  can  be  fired  on  this  range. 

Safety  (and  Security)  Requirements 

Since  this  is  an  underground  facility,  the  safety  of  personnel  not  involved  in  the  test  is 
assured.  A warning  light  is  used  to  alert  personnel  in  the  area  that  firing  is  in  progress. 
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All  firing  is  coiuiucteci  by  a lanyanl  with  the  test  personnel  protected  by  either  the 
steel  door  at  the  entrance  to  the  range  or  by  a transparent  armor  shield  behind  the  weapon. 

The  wooden  backstop  prevents  ricochetes  within  the  facility  and  the  earth  fill  behind 
the  backstop  is  sufficient  to  contain  any  projectile  which  can  be  fired  in  the  facility. 

llie  Arizona  Division  Plant  is  a cleared  facility  and  adec]uate  security  arrangements 
exist  for  the  conducting  of  tests  at  the  Secret  level. 

Power  .Availability 

('ommercial  electrical  power  of  110  and  220  VAC  is  available  in  the  facility.  Special 
power  requirements  can  be  met  by  portable  generators. 

Oliservation/Communication 

No  observation  of  tests  is  normally  required  nor  permitted.  In  those  cases  when 
observation  is  considered  necessary,  a portable,  transparent  armor  shield  is  emplaced  behind 
the  weapon  and  firing  is  conducted  from  behind  this  shield. 

Due  to  the  limited  size  of  the  facility,  no  communication  system  is  required. 

In-Flight  Ballistic  Instrumentation 

l.ASHR/PMOTOGRAPHY.  ('ameras  available  to  the  Ballistic  Test  Facility  include: 

1 . Hycam  .Model  4000  - 1 1 ,000  frames/sec 

2.  Fastman  - 3000  frames/sec 

3.  Nova  - 6000-1  1 ,000  frames/sec 

Tliese  cameras  are  not  normally  used  for  recording  in-flight  ballistics  data,  but  rather 
for  recording  data  on  test  sample  behavior  at  impact. 

TlMlNCi.  A Msec  counter,  triggered  by  photoelectric  screens  is  used  to  measure 
projectile  velocities. 

TFt.FMFTRY.  Data  are  transmitted  to  the  counter  by  hardwire  connections. 

Terminal  Ballistic  Instrumentation 

LAShR/PHOTCXiRAPHY.  llie  high-speed  cameras  listed  above  are  primarily  used  to 
record  terminal  ballistic  data. 

TlMINCi.  No  terminal  ballistic  timing  data  are  collected. 

Tt  LFMFTRY.  None. 
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Environmental  Simulation  and  Measurement 


None. 


Planned  Expansion/Modification 

Tliere  arc  no  present  plans  to  expand  to  modify  this  facility. 


OUTDOOR  FACILITY 


Outdoor  ballistic  testing  of  large  components  is  accomplished  adjacent  to  the  indoor 
range  or  on  an  abandoned  airfield  in  the  desert  west  of  the  plant.  Figure  BB-5  shows  a 
typical  outdoor  test  layout. 


DATA  HANDLING/PROCESSING 
DATA  STORAGE  AND  RETRIEVAL 

Data  are  stored  in  hard  copy  and  motion  picture  film.  Data  are  filed  by  test  and  are 
manually  retrieved. 


QUICK-LOOK  CAPABILITIES 

Velocity  data  are  available  immediately  after  a test.  Photographic  data  are  routinely 
available  within  5 working  days. 


PROCESSING 

All  data  are  manually  processed. 


DISTRIBUTION 

Turnaround  time  for  velocity  data  are  near  realtime.  Photographic  processing  is 
routinely  completed  within  5 working  days. 
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Figure  BB-2.  Test  FaciKty  as  Viewed  from  Target  Area. 
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Figure  BB-4.  Weapons  Storage  Area. 
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Figure  BB-5.  Typical  Outdooor  Testing  Litchfield  Park  Facility. 
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ANNEX  CC  - INTRODUCTION 


OVERVIEW 

The  Hughes  Helicopter  Ordnance  l.ngineering  Test  1 acility  is  located  in  Culver 
City,  CA  at  tlie  intersection  of  (’entinela  Avenue  and  Teal  Street,  fliis  facility  provides 
ordnance  test  support  for  corporate  development  programs  aiul  is  not  usually  available  to 
outside  users. 

While  this  facility  is  not  oriented  toward  survivability/vulnerability  testing,  it  has  the 
facilities  re(|uired  for  this  type  testing  and  could  conduct  such  testing  if  required  to  do  so. 

The  primary  point  of  contact  for  matters  concerning  ballistic  testing  is  Mr.  Robert  W. 
Forker,  telephone  213-390-4451. 


GENERIC  AIRCRAFT  SYSTEMS  (SUBSYSTEMS)  TESTING 

llie  facility  has  been  used  for  testing  structural  subsystems  of  helicopters,  high 
performance  and  medium  performance  aircraft. 

SURVIVABILITY/VULNERABILITY  FACILITIES  OVERVIEW 

The  Hughes  test  complex  includes  six  indoor  500-inch  ranges,  one  indoor  1000-inch 
range  and  two  indoor-outdoor  1000-inch  ranges.  The  controls,  instrumentation  and  data 
recoriling  systems  are  identical  for  all  ranges. 

In  addition,  a completely  .self-contained  mobile  instrumentation  van  is  maintained  for 
testing  at  remote  sites  such  as  Fort  Irwin  or  Camp  Pendleton. 


ACCESS 

Excellent  access  to  the  Hughes  facility  is  provided  by  its  location  in  the  Los  Angeles 
Metropolitan  Area.  The  plant  is  3 miles  north  of  the  Los  Angeles  International  Airport  via 
California  Route  1.  The  company  airport,  immediately  ailjacent  to  the  facility  has  an 
XHOOfoot  runway  which  can  handle  cargo  aircraft  up  to  the  C-141  class.  A spur  of  the 
Southern  Pacific  railway  extends  into  the  plant.  Interstate  405  is  accessible  within  I mile  of 
the  plant.  I'he  Los  Angeles  Harbor  is  approximately  25  miles  south  of  the  plant  via 
Interstate  405  and  California  Route  1 1. 


MAINTENANCE/FABRICATION  CAPABILITY 

Die  extensive  maintenance  and  machine  shop  support  available  is  that  which  is  found 
in  most  major  manufacturing  activities. 

t 
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LO(;iSTIC  S SUPPORT  C APABILITY 

Complete  logisties  support  of  all  kinds  is  available  to  the  test  facility. 


INDOOR  FACILITIES 


DIMENSIONS 

I ach  500-indi  range  has  a 20-ft-  gun  room  from  which  weapons  are  fired.  The  ranges 
have  a (vfoot-diameter  tunnel  leading  from  the  gun  room  to  the  backstop.  The  1000-inch 
indoor  range  is  20  feet  wide,  1 2 feet  high  and  1000  inches  long.  The  1000-inch 
indoor-outdoor  ranges  have  a 20-ft-  gun  room  which  opens  into  a walled  area  1000  inches 
long.  I ach  range  abuts  on  a backstop  consisting  of  a sand  tilled  concrete  pentagon  which  is 
revetted  by  earth  fill  outside. 


WEAPONS  PROJECTILES  AVAILABLE 

Barrels  ranging  in  size  from  .17  caliber  to  40-mm  are  available.  Most  firing  is  conducted 
with  standard  preloaded  ammunition. 


ENVIRONMENT 

All  tests  are  conducted  against  targets  which  are  under  ambient  conditions.  Weapons 
and  ammunition  may  be  preconditioned  to  temperatures  of -65°  to  I60°F. 


LIVE  INERT  FIRE 

Armor  piercing  and  armor  piercing  incendiary  ammunition  can  be  fired  on  these 
ranges. 


SAFETY  (AND  SECURITY)  REQUIREMENTS 

Ttie  Hughes  facility  holds  a Secret  clearance  and  can  accommodate  tests  involving 
material  to  that  level  of  classification. 

The  test  facility  is  surrounded  by  security  fencing  and  access  is  limited  by  locked  gates. 

.Safety  procedures  are  enforced  by  a gun  captain  for  each  range.  Idectrical  firing 
controls  are  normally  used  for  all  tests.  Warning  lights  preclude  firing  when  the  gun  room 
doors  are  not  secured.  A warning  horn  is  sounded  4 seconds  before  firing. 
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P()WtR  AV ailaejilh  y 

ComniiTciiil  electric  power  of  I 10.  220,  ;iiul  440  V'AC  aiul  400  cycles  is  available  in  the 
lest  facility.  Hyilraiilic  power  up  to  ,X)00  psi  is  provicleil  aiul  compressetl  air  of  up  to 
4000  psi  is  available. 


OBSIRVATION/C  OMMUNIC  ATION 

An  intercomnuinication  system  is  msi.illeil  on  all  raiiiies. 

Direct  visual  observation  of  tests  is  provirled  by  ballistic  tolerant  ulass  panels  at  the 
control  station  and  at  an  observers  station. 


IN-FUGHT  H ALLIS!  1C  INSTRIJMLNTATION 
Laser  Photography 

The  lest  facility  has  a variety  of  photoirraphic  etiuipment  including’: 

1.  Three  llycam  high-speed  cameras  with  frame  rates  of  up  to  4000  frames/sec.  One  of 
these  is  a streak  synchroni/eil  ballistic  model. 

2.  One  l astex  high-speed  camera  with  frame  rates  of  up  to  2000  frames/sec. 

3.  Several  lo-inm  cameras  with  frame  rates  of  up  to  100  frames/sec. 

4.  .Several  4-  by  .S-inch  still  cameras. 

I.(|uipment  is  also  available  for  making  Schlerin  photographs  of  shock  waves. 

Arklitir)nal  photographic  support  is  available  from  other  rlepartments  of  the  company. 

Black  and  white  Him  is  processeil  on  site  while  color  Him  is  processed  by  an  outside 
commercial  processor. 

Timing 

Velocity  measurements  are  made  by  an  electronic  chronometer  which  may  be  triggered 
by  paperbreak  velocity  screens,  iniluction  coils  or  light  breaks  systems. 

Spin  rate  measurements  are  made  by  magnetising  bullets  which  are  fired  through  a coil. 

I la  rd  wi  re  /Tele  me  t r y 

All  range  ilata  are  transmitted  to  a conical  recr)rding  facility  via  hardwire  circuits.  Tlie 
ilata  center  is  eipiipped  with  high-speed  magnetic  tape  recorders,  10-  and  20-channel 
oscillogra|ihs,  multichannel  oscilloscopes  with  memory  and  automatic  rate  of  fire  recoriler. 
Over  100  channels  of  data  may  be  simultaneously  transmitted  from  sensors  which  measure 
pressure,  blast,  strain,  position  and  linear  velocity  displacement. 
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Tl  KMINM  BALLISTIC  INSTRUMLNTATION 

I he  instrumentation  iteseriheil  above  can  also  he  useil  to  provide  data  coneerning 
terminal  el't'eets. 


OUTDOOR  I Ad  UTILS 


No  permanent  outdooi  test  facilities  are  maintained  hy  Hughes.  As  noted  previously,  a 
self-containeil  instrumentation  van  is  mamtaineil  lor  use  at  remote  test  sites.  Ihis  van 
includes  control  and  recording  instrumentation,  a photographic  processing  facility  work 
shop  ,ind  office  space. 


DATA  HANDLING/PROCESSING 


DATA  SIOKAGE  AND  RETRIEVAL 

I he  data  collected  in  this  facility  are  in  the  form  of  photographs,  oscilloscope  traces, 
and  analog  recordings  on  magnetic  tape.  These  are  normally  stored  in  hard  copy,  facilities 
are  asailahle  for  transferring  these  data  to  magnetic  tape  for  computer  storage  and  retrieval 
il  ihis  IS  desirable. 


Ul  K K I OOK  ( APABILITIES 

Since  most  data  are  produced  in  hard  copy  in  near  realtime,  quick-look  analysis  is 
possible  within  a very  short  time  after  a test  is  completed. 


PROCLSSiNt; 

Data  processing  is  normally  done  manually.  If  the  (piantity  of  test  data  can  be  more 
elficieiitly  handled  hy  computer,  one  of  several  on-site  computers  or  terminals  can  he  used. 


DISTRIBUTION 

rurnaroimd  for  all  data  is  very  rapid.  As  noted  earlier,  most  electronically  recorded 
data  are  available  in  near  realtime  and  black  and  white  film  is  processed  in-house  with 
1 hour  or  less  being  required. 
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ANNEX  DD  - INTRODUCTION 


OVERVIEW 

riic  Ni'w  Mexico  liisti.iitc  ol  Nlininu  ;iml  rcdinolo.uy  is  a iini(|iie  state-supported 
^elenti^le  institution  eomhinini:  hasie  research,  applied  lesearch,  aiul  ■ducation.  I lie 
Institute,  loeateil  in  Socorro,  NM.  is  oreani/ed  in  three  divisions:  Colleue.  Research  and 
Development,  aiul  the  State  Rureau  of  Mines  aiul  Mineral  Resources. 

Ballistic  testing  is  conducteii  h\  the  I I RA  ( lerminal  I Ifects.  Research  and  .Analysis) 
(iroup  with  the  Research  aiul  Development  Division.  The  II  RA  (Iroup  has  heen  ovnducting 
hallistic  and  explosive  testing  for  various  government  agencies  for  over  .R)  years  In  aildition 
to  the  gun  test  facilities  descrihed  in  this  annex,  I ERA  maintains  and  operates  extensive 
lacihties  and  instrumentation  for  conducting  large-scale  ex|Uosive  tests.  They  have 
developeil  unii|ue  fragment  recovery  techniciues  which  enable  coinjilete  analysis  of  the 
fragment  dispersal  patterns  of  bombs  or  warheads.  The  full  range  of  test  ng  anil  analysis 
services  offered  by  this  facility  admirably  suit  it  for  many  types  of  S/V  testing 

I he  primarx’  point  of  contact  concerning  testing  in  the  I E RA  facility  is 
Mr.  M.  E.  Kempton,  TER.A  Project  Supervisor,  telephone  505-835-5630. 


(.ENERK  AIRt  RAET  SYSTEMS  (SUBSYSTEMS)  TESTED 

Ihe  1 1 RA  test  facilities  are  capable  of  testing  all  types  of  aircraft  under  static  or 
dynamic  conditions.  Target  vehicles  on  hand  include  a variety  of  fixed-  and  rotary-wing 
aircraft. 


SURVIVABILITY  VULNERABILITY  E ACILITIES  OVERVIEW 

Ihe  1 1 RA  test  facilities  are  grouped  in  two  complexes,  the  Blue  Canyon  Eield 
Laboratory  and  the  West  Valley  Lest  E'acility.  An  overview  is  shown  in  E'igure  DD-1.  In  each 
of  these  outdoor  complexes  facilities  are  available  for  a wide  variety  of  survivability/ 
vulnerability  testing.  Ehe  test  facilities  are  supported  by  an  extensive  logistics,  maintenance 
and  fabrication  capability  which  is  organic  to  the  EE.RA  (Iroup.  Data  collection,  reduction 
and  analysis  is  facilitated  by  the  dedication  of  extensive  instrumentation  to  the  test 
programs  and  by  the  immediate  availability  of  the  Institute’s  computer  complex. 


A(( ESS 


Ehe  II  RA  test  facilities  are  easily  reached  by  Interstate  25  from  either  .Mbuiiueri|ue 
or  I 1 Paso.  Ehe  Atchison,  Eopeka,  and  Santa  E'e  Rail  Road  provides  rail  service  to  Socorro 
with  Its  freight  station  only  1-1/2  miles  from  the  EI  RA  headquarters.  Commercial  air 
service  is  through  the  .Albuquerque  International  Airport.  Ehe  Socorro  Municipal  Airport  is 
capable  ol  handling  medium  cargo  aircraft. 
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\t  MMINANCL/I  AURIC  AIION  C APAUILITY 

I la'  \MI  Kcs(.';ircli  atul  Di-velopincnt  Division  maintains  a complete  machine  slu)p 
ailiaecnt  to  tin  I I RA  olTiees.  Its  eiimpment  ineliulcs:  ji^  horers,  radial  arm  drill,  larjic  and 
''tnall  cneine  lathes,  and  jrrindini:  eipiipment.  A modern  welding  shop  is  located  m the  satne 
.irea  which  iias  1/Ci  aiut  MiG  eqmimient  along  with  furnaces  for  heat-treating  materials.  A 
heaw  du'.\  machine  shop  and  complete  repair  facilities  are  maintained  in  the  M. RA 
compound  just  west  of  the  campus.  Hie  machine  shop  includes:  a gun  lathe,  vertical  mills, 
boring  mills,  and  other  heavy  duty  machinery.  These  facilities  are  fully  staffed  by  personnel 
f capable  ol  fabricating  virtually  any  recpiired  test  fixtures  or  target  simulators  and  of 

maintaining  all  test  equipment. 


LOC.ISTK  S SUIM'ORI  ( APAUILITY 

The  II  R.\  (Iroup  has  esteiisive  on-site  logistics  supptirt  capability  including  storaue 
facilities  for  large  i|uantitics  of  ,ill  types  of  ammunition,  propellants,  explosives,  and  other 
ha/ardous  materials.  Large  numbers  of  obsolete  airciaft,  armored  vehicles,  and  general 
purpose  \ehicles  .is  well  as  a variety  of  nonvehicular  target  materials  are  available  at  the  site. 
Large  (piantities  of  vanous  tvpes  of  sheet  metal  are  on  hand  for  fabricating  special  target 
simulators.  Comidcte  ammunition  loailing  facilities  are  available. 

\ C alibration  tacilities  uulude: 

1.  Pressure.  ,\  (T  ('  type  (>-201 -C)()()|  Primary  Pressure  Standard  is  available  for  use  in 
calibrating  pressure-sensitive  instruments  within  the  range  of  0.3  to  300  psi.  This  primary 
pressure  standard  has  a resi'lution  ol  0.00 of  reading  at  any  pressure  within  the  range  of 
the  instrument  aiul  an  accuracy  ol  within  O.Ol.S'C  ot  reailmg  in  the  lower  pressure  ranges 
and  within  0.02.‘''^  of  reatlmg  the  higher  pressure  ranges. 

2.  .Acceleration.  .A  drop  ball  machine  is  used  in  the  comparison  mode.  The  standard 
acceler.itor  is  an  I ndevco  .Model  2225. 

3.  lempcrature.  The  temperature  sources  used  for  calibration  are  fixed  and  variable 

< temperature  baths.  Reference  thermocouples  are  used  to  measure  the  temperature 

( accurately. 

I 4.  Lrei|uency  and  lime.  Lre(|uency  and  time  calibrations  are  made  using  National 

Unreal!  ol  .Standards  transmissions  (WWV). 

5.  Voltage.  C urrent  and  Resistance.  V'ollage,  current  and  resistance  calibrations  are 
I made  via  secondary  standards  traceable  to  NUS.  I he  NMIM  T L'strument  Laboratory 

; maintains  these  secondary  standards  on  a scheduled  basis  by  utilizing  the  services  of  a 

' primary  standards  laboratory  located  in  Albuquerque,  NM. 


INDOOR  LAC  ILITILS 


No  Indoor  test  facilities  arc  available. 
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OUTDOOR  F ACILITlhS 
BLUi:(  ANYON  F ILL!)  LAIiORAFORY 

riio  Blue  Canyoti  l iolil  I.aboratory  is  the  main  testin;!  and  instrumciUalion  complex.  It 
has  been  desiened  lor  hit’ll  explosive  and  punflre  stiulies  and  is  suitable  for  a variety  of 
invest  itiat  ions. 


CLIFF  SITL 
Dimensions 

Ihe  ( liff  Site  is  a imii|ue  test  facility  which  uses  a natural  200-foot  cliff  for  free-fall 
drop  tests  and  air-to-surface  simulation  for  testinj:  gun-fired  projectiles.  (Figure  DD-2  shows 
the  Clilf  Site. ) 

Weapons  Projectiles  .Available 

Weapons  available  for  use  of  this  site  include  standard  .30  and  .50  caliber  and  20-,  23-. 
and  30-mm  rilled  barrels;  special  20-mm  barrels  with  one  twist  in  20,  18.  16,  14,  12,  10,  and 
8 inches;  a high  twist  23-mm  barrel;  a special  30-mm  barrel;  and  20-mm  smooth-bore  barrels 
chambered  for  20-  and  40-mm  cartridges. 

Projectiles  available  for  the  above  weapons  include  a complete  range  of  operational 
rounds,  fhe  LliKA  (iroup  has  the  capability  to  fabricate  sabots  for  any  of  the  barrels  for 
launching  fragments  or  test  projectiles. 

Environment 


Only  ambient  conditions  are  used  on  this  range. 
Live/Incrt  Fire 


High  explosive  projectiles  can  be  fired  from  30-mm  or  smaller  weapons. 

Safety  (and  Security)  Ret|iiirements 

fhe  1 1 R.A  (iroup  holds  a Secret  facility  clearance  and  can  accommodate  materials  and 
eriuipment  of  that  classification. 

Rigorous  safety  precautions  are  enforced  at  all  times.  A system  ol  sirens,  warning 
lights,  and  (lags  is  used  for  warning  range  personnel  when  test  firings  are  to  be  conducted. 
Barriers  anil  warning  lights  on  all  roads  leading  into  the  test  preclude  accidental  entrance 
into  danger  areas. 
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Powi’r 

( ('ni!iK'i\ i.il  olot-'t rical  power  ol  I 10  atul  220  VAC  is  available  at  tlie  test  site.  I’ortable 
eeneratc'rs  are  available  toi  providiiiir  other  types  ol  electrical  power. 

Observalion/C'ommunication 

Direct  observation  of  tests  coiulucted  at  the  ( lilT  Site  is  possible  from  several  safe 
vaiiiape  points.  Telephone  comnuinication  is  available  at  the  site. 

In-1  light  Hallislie  Insiriimentalion 

1 .\St- R IMIO  rCXiR.MMlY.  Accurate  in-nighi  ballistics  data  can  be  recorded  from 
several  aspect  angles  by  the  motion  picture  cameras  listed  in  Table  DD-1.  Start  and  stop 
functions  for  these  cameras  are  initiated  by  a 1 2-channel  preset  digital  counter  which  is 
controlled  by  the  field  safety  officer. 

In  addition,  still  cameras  are  available  for  documentary  coverage,  including  open- 
shutter  techniiiues  during  high-speed  events. 

I IMINCi.  The  central  element  of  the  TliRA  timing  system  is  a 1 2-channel  preset  digital 
counter.  Ihis  counter  initiates  all  test  events,  instrumentation  start  and  stop  functions  and 
i provides  a common  time  base  for  all  instrumentation  systems.  One  of  the  velocity  measuring 

systems  used  at  NM'I/Tl-RA  is  a photoelectric  break-type  circuit,  nie  sensors  are 
phototransistors,  with  rise  and  fall  times  of  3 /asec.  The  outputs  of  these  transistors  are  used 
to  start  and  stop  the  digital  /rsec  counters.  The  two  sizes  of  grids  available  are:  by  12  feet, 

and  8 by  1 2 inches. 

H ARDWIRl  /T1  IT  MTTRV.  All  electronic  data  are  transmitted  by  hardwire  systems  to 
the  instrumentation  center.  In  the  instrumentation  center  the  data  can  be  routed  to  either 
of  two  magnetic-tape-recording  systems.  One  can  operate  either  as  a direct  system  with  14 
channels  (100  to  300  kHz,  bO  to  17/8  in/sec)  or  14  TM  channels.  DC  to  20  kHz.  Both 
recorders  are  normally  run  at  bO  in/sec  but  have  a range  from  bO  to  1-7/8  in  sec.  Data  can 
, also  be  patched  to  a t2-ch.:nnel  oscillograph  (DC  to  2.*>00  kHz,  bO  to  D4  in/sec),  to 

{oscilloscopes  or  tv>  high-speed  cameras.  Along  with  the  data  there  are  also  a 1-kIlz  timing 
signal  and  a voice  channel  stored  on  the  magnetic  tapes.  The  data  are  played  back  from 
tapes,  at  a speeil  reduction  of  32,  onto  a high-speed  12-channel  (DC  to  2.‘'00  kHz.  bO  to  I 

1 1 4iiv'sec)  oscillograph.  Through  use  of  direct  print  paper,  a hard  copy  record  can  be 

I available  in  b(f  seconds. 

f Terminal  Ballistic  Instrumentation 

I AST  R/IMIOTOCKAPHY.  Impact  data  are  recorded  by  the  motion  picture  cameras 
■ r listed  in  Table  DD-I  or  still  cameras. 

I IMIN(i.  1-kllz  liming  marks  are  recorded  on  both  sides  of  the  motion  picture  film  by 
separate  channels  of  the  digital  counter. 
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IIARDWIRI  , 1 111  Ml  I R't . Sensors  such  as  pressure  transducers  or  accelerometers 
can  he  used  tor  terminal  ballistic  measurements.  lire  outputs  from  these  sensors  is 
transmitted  to  the  instrumentation  center  and  recorded  in  the  manner  described  previously. 

GUN  FIRING  SITL 
Dimensions 

Ihis  site  provides  for  firing  at  ranges  of  up  to  200  feet.  Several  firing  points  arc- 
established  at  this  site  which  permit  the  conduct  of  multiple  tests  on  a near  simultaneous 
basis.  Figure  l)I)-3  shows  the  arrangement  of  the  site. 

Weapons  Projectiles  .Available 

lire  weapons  available  for  use  on  this  site  are  listed  in  Fable  DD-2.  A complete  array  of 
projectiles  ranging  from  full  scale  operational  rounds  to  sabot  propelled  fragments  are 
available. 

Fnvironmenl 

lests  at  this  site  are  ccinducted  under  ambient  conditions. 

Live /Inert  Fire 

High  explosive  rounds  up  to  30-mm  may  be  fired  on  this  facility.  Inert  projectiles  up  to 
1 2()-mm  may  be  fireil. 

Safety  (and  Securils  ) Requirements 

I he  previously  discusseil  factors  apply  to  this  site. 

Power  .Availability 

Commercial  power  of  I 10  and  220  \'AV  is  permanently  available  at  this  site.  Other 
voltages  are  proviiled  by  portable  generators  if  reiiuired. 

Observation  Communication 

Direct  visual  observation  is  possible  from  several  safe  vantage  points.  Telephone 
communication  is  available. 

In-Flight  Ballistic  Instrumentation 

I ASI  R;  1*110 1 ()( iRAIM IV.  File  cameras  listed  in  Fable  DD-1  are  all  usable  at  this  site. 

I he  timer  system  and  electronic  velocity  grids  previously  described  are  also  used  at  this  site. 

I IMING.  I he  system  previously  described  is  also  used  at  this  site. 
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HARDW  I Kl./ 1 [■  I I-  Ml- 1 KN'.  I lie  iKiiilwin-  (ial;i  transmission  and  rccordin;.’  system 
previously  tieserihed  is  also  used  at  this  site. 

Terminal  Ballistic  Instrumentation 


1 


1 AS!  R IMIorOtlRAIMIW  In  aelditi<)ii  to  the  motion  picture  cameras  listed  m 
lahle  DD-I  and  a variety  ol  still  cameras,  a .M)()  MW  I ractional-psec  rineradiojzraphy  X-ray 
System  is  used  on  this  site  for  collectini;  terminal  ballistic  data. 

rite  flash  .\-ray  system  is  desiymed  to  itenerate  a high-intensity  .\-ray  beam,  to  take 
short-duration  .x-ray  pictures,  m rapid  sei|uence.  through  dense  materials.  Ihree  separately 
controlled  channels  may  be  tired  simultaneously,  or  in  any  desired  setiuence.  This 
ei|uipment  can  be  used  for  investigating  impact  phetiomena  and  other  effects  related  to  the 
detonation  of  high  explosives. 

Pulse  ilurations  are  1.0  and  0.2|rsec.  and  the  interpulse  periods  are  variable  from 
1 .0  psec  to  approximately  1 minute.  Pulses  of  current  of  up  to  1000  amperes  are  supplied  to 
the  x-ray  anode,  through  a triggered  spark  gap.  at  300  kV,  by  a pulse  transformer  whose 
primary  is  teil  Irom  either  of  two  pulse  generation  circuits,  depending  on  choice  of  pulse 
duration.  I ftlciency  of  the  pulse  transformer  is  enhanced  by  the  use  of  DC  bia.s-supply.  The 
capacitors  ot  the  pulse  generation  circuits  are.  in  turn,  charged  to  65  kV  by  a high  voltage 
power  supply. 

Operation  of  the  system  is  initiated  by  a signal  from  a detonator,  or  other  external 
source,  which  passes  to  an  oscilloscope  whose  controllable-delay-characteristic  permits 
variable  triggci  times.  The  output  of  the  scope  in  each  channel  is  fed  to  a trigger  amplifier 
which,  m turn,  initiates  the  spark-gap  discharge. 

I IMINCi.  Ihe  timing  system  described  in  the  previous  section  is  used  on  this  site. 

IIARDWIRt  ,'Tl.I.tiMKTRY.  The  data  collection  system  previously  described  is  used 
on  this  site. 


STRUCTURAL  TESTING  COMPLEX 
Dimensions 

l irings  can  be  conducted  at  ranges  of  up  to  200  feet.  Figure  l)l)-4  shows  this  complex. 
Wcapons/Projcctiles  Available 

Of  the  weapons  listed  in  fable  l)l>2,  those  through  30-mm  can  be  fired  in  this 
complex. 

Environment 


Several  test  fixtures  m this  complex  are  used  to  apply  loads,  which  simulate  in-llight 
loads,  to  aircraft  structures.  Tensile,  compressive  and  shear  loads  can  be  applied  to  simple 
and  complex  structural  assemblies.  Loads  can  be  applied  by  hydraulic  or  pneumatic 
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cyliiuliTs  willi  load  values  variables  from  zero  to  several  tuillion  pounds.  The  stress 
distribution  durint;  the  loail  cycle  in  the  item  under  investigation  is  obtained  from  strain 
values  measured  by  resistance-type  strain  gages.  lixplosives,  explosive  devices  or  propellant- 
loaded  devices  can  be  used  to  damage  the  structures  during  testing. 

Live  Inert  Fire 


Live  fire  of  up  to  30-mm  high  explosive  rounds  can  be  conducted  in  this  complex. 
Safety  (and  Security)  Requirement 


The  procedures  previously  discussed  apply  to  this  complex  except  that  test  personnel 
must  remain  in  a control  blockhouse  during  firings. 

Power  Availability 


In  addition  to  commercial  110  and  220  VAC,  and  generator  power,  hydraulic  and 
pneumatic  power  are  available. 

Observation/Communicalion 


No  direct  visual  observation  is  permitted  during  tests  in  this  complex.  Telephone 
communication  is  available  in  the  blockhouse. 

Ill-Flight  Ballistic  Instrumentation 

LASFR,  PHOTOGRAPHY.  The  motion  picture  cameras  listed  in  Table  DI>1  and  an 
assortment  of  still  cameras  are  available  for  use  at  this  complex. 

TIMING.  The  timing  system  and  electronic  velocity  screens  previously  described  are 
used  in  this  complex. 

HARDWlRL/1  FLtiMF  PRY.  The  hardwire  transmission  and  data  recording  system 
previously  described  is  used  for  collecting  terminal  effects  data  at  tins  site. 


BALLISTICS  EFFECTS  DYNAMIC  DATA  DEVICE 
Dimensions 

f iring  can  be  conducted  at  ranges  of  up  to  200  feet. 

Wcapons/Projectilcs  Available 

Of  the  weapons  listed  in  Table  l)D-2,  those  through  30-mm  can  be  fired  on  this  site. 


J 
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Environment 


The  BEDDD  (Ballistic  Effects  Dynamic  Data  Device),  developed  by  NMT/TERA  (in 
cooperation  with  the  Naval  Weapons  ( enter,  China  Lake,  CA),  is  a device  to  produce 
supersonic,  in-fliizht  conditions  on  aircraft  sections,  for  the  purpose  of  conducting 
damage-effect  stiulies  and  other  tests. 

I he  two  conventional  methods  of  providing  experimental  airflow  for  a target  are  flight 
test  and  wind  tunnels.  Neither  of  these  methods  is  suitable  for  damage  or  vulnerability  tests 
because  flight-test  objectives  are  rarely  compatible  with  determination  of  the  aerodynamic 
effects  on  a damaged  target,  and  they  are  prohibitively  expensive.  The  inherent  danger  to  a 
wind  tunnel  stmeture  renders  existing  wind  tunnels  unsuitable  for  damage  tests  that  require 
tiring  of  wariiead-type  devices. 

A “hard-construction"  type  of  blowdown  device,  the  BEDDD  consists  of  three 
23,000-gallon  l.OX  containers  welded  together  to  form  a 115-foot  long,  10-foot-diameter 
stainless  steel  tank  assembly  (pressure  chamber).  Through  the  controlled  ignition  of  the  fuel 
contained  therein,  the  device  is  designed  to  produce  a gas-flow  output  that  is  capable  of 
generating  the  equivalent  of  a, Mach-2  aerodynamic  environment,  for  about  140  msec,  upon 
the  selected  aircraft  structure  that  is  in  the  flow.  The  fuel  is  kerosene,  explosively  dispersed 
into  the  tank  atmosphere  which  has  been  enriched  by  oxygen,  at  ambient  temperature  and 
pressure. 

Live'Inert  Eire 

High  explosive  projectiles  of  up  to  30-mm  can  be  fired  at  this  facility. 

Siifety  (and  Security)  Requirements 

The  procedures  previously  discussed  apply  to  this  facility  except  that  test  personnel 
must  remain  in  a control  blockhouse  during  firings. 

Power  Availability 


Commercial  power  of  1 10  and  220  VAC  are  available  at  the  site. 

Observation /Communication 

Direct  visual  observation  is  not  permitted  during  firing  tests  at  this  site.  Telephone 
communication  is  available  in  the  blockhouse. 

In-Flight  Ballistic  Instrumentation 

LASER/PHOTCXIRAPHY,  The  motion  picture  cameras  listed  in  Table  DD-1  and  an 
assortment  of  still  cameras  are  available  for  use  at  this  facility. 

TIMINCi.  The  timing  system  and  electronic  velocity  screens  previously  described  are 
used  on  this  range  when  precise  projectile  velocities  are  required. 
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' HARDWIRi; 'Tin  MI  TRY.  Tlic  hardwire  data  transmission  and  recording  systems 

previously  described  are  used  at  this  site. 

Terminal  Ballistic  Instrumentation 

L.ASl  R,'I*H()TC)C. RAIMI Y.  All  previously  described  motion  picture,  still  cameras  and 
♦ x-ray  systems  can  be  used  to  collect  terminal  effects  data  at  this  facility. 

I IMINCi.  Hie  previously  described  timing  system  can  be  used  in  conjunction  with 
appropriate  sensors  to  record  terminal  ballistics  data. 

HARUWlRti/TELHMFTRY.  The  previously  described  hardwire  transmission  and 
f recording  systems  are  used  for  collecting  terminal  effects  data  at  this  facility. 


VALLEY  SITE 

The  Valley  Site  is  an  outdoor  facility  used  for  firing  projectiles  over  longer  ranges  than 
I can  be  achieved  in  the  Blue  Canyon  facilities. 

Dimensions 

This  outdoor  facility  provides  for  firing  at  a range  of  1500  meters. 

f Wcapons/Projectiles  Available 

All  weapons  listed  in  Table  DD-2  can  be  fired  on  this  site.  Full  scale  operational  rounds 
as  well  as  sabot  launched  subcaliber  projectiles  can  be  used. 

Environment 

Testing  at  this  site  is  conducted  under  ambient  conditions. 

Live/Inert  Eire 

High  explosive  rounds  of  up  to  1 52-mm  may  be  fired  at  this  site. 

Safety  (and  Security  I Requirements 

The  main  access  road  to  the  Blue  Canyon  and  West  Valley  complexes  passes  under  the 
trajectory  of  projectiles  fired  at  this  site.  Barricades  are  used  to  block  the  road  when  testing 
is  in  progress. 

9 

Power  Availability 

C ommercial  1 10  and  220  VAC  are  available  at  this  site.  Additional  power  requirements 
can  be  met  by  portable  generators. 

V 
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Ohscrvat  ion /C'ommmiic;!  lion 


Direi-  t visual  iihsorvation  of  tests  is  possible  from  safe  vantage  points  near  the  firing 
point.  lelephone  eommunieations  are  availalrle  at  the  site. 

In-Miglit  BallisI ie  Instmmeiitalion 

I .\S1  R 1*110  rO(iK.‘\IMI\  . The  motion  pieture  and  still  cameras  previously  described 
can  be  used  at  this  site  for  collecting  in-flight  ballistic  data. 

TlMlNCi.  At  the  present  time  there  are  three  mobile  units  at  NMl T I.RA.  I wo 
designed  for  measurements  of  velocity,  only,  and  the  other  for  both  pressure-time  anil 
velocitv  measurements. 

1.  Velocity  Van.  Contained,  therein,  are  all  power  supplies,  amplifiers  and  digital 
eiiuipment  that  is  used  in  conjunction  with  the  (photoelectric)  velocity  grids  previously 
described. 

2.  V'elocity  d’ressure  Van.  In  addition  to  the  velocity  measuring  equipment  contained 
(as  above),  a 12-channel  oscillograph  recorder  (DC  to  2.5  kHz  or  1 to  KiOin'sec)  and  the 
associated  conditioning  equipment. 

II.\RDWIRI-/TIT,1  MI  TRY.  .All  instrumentation  used  at  this  site  is  hardwired  to  the 
mobile  instrumentation  units. 

lerminal  Ballistic  Instrumentation 

No  economical  means  for  collecting  impact  data  is  available  at  this  site.  Hie  motion 
picture  and  still  can'eras  described  in  previous  sections  can  be  used,  but  the  installation  of 
these  or  other  systems  at  the  target  location  involves  considerable  time  and  e.xpense. 


WEST  VALLEY  TEST  FACILITY 

Die  most  recent  addition  to  the  TERA  I'ield-Laboralory  comple.x  is  the  West  Valley 
Test  Facility.  Ihis  facility  is  located  approximately  1/2  mile  west  of  the  Blue  Canyon  lest 
area. 

Dimensions 

f'iring  can  be  conducted  at  ranges  of  100,  200,  300,  500,  and  1000  meters  at  this 
outdoor  site. 

Weapuns/Projcctiles  Available 

All  weapons  listed  in  Table  DD-2  can  be  fired  at  this  site.  F'ull  scale  operational  rounds 
as  well  as  sabot  launched  subcaliber  projectiles  can  be  used. 
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Lnvironinciit 


All  teslini:  at  this  facility  is  conducted  under  ambient  conditions. 
Live  Inert  Lire 


I ive  fire  of  up  to  1 52-mm  high  explosive  rounds  can.  he  fired  on  this  facility. 
.Safety  (and  Security  I Ke<(uirenients 


The  natural  backstop  provided  by  surrounding  hills  permit  firing  at  this  facility 
without  interrupting  operations  in  the  Blue  Canyon  complex.  The  safety  procedures 
previously  described  apply  to  this  facility. 

Power  .Availability 


Commercial  1 10  and  220  VAC  electrical  power  is  pennanently  installed  at  the  facility. 
Observation  Communication 

Direct  visual  observation  is  possible  from  safe  vantage  points  near  the  firing  point.  An 
intercommunications  system  links  each  firing  site  and  the  target  area. 

Instrumentation 

The  same  instrumentation  capability  is  available  as  was  described  for  the  (lun  F-iring 

Site. 


DATA  H.ANDLING/PROCESSING 


DATA  STORAGE  AND  RETRIEVAL 

I he  data  collected  at  the  TERA  facilities  are  in  the  form  of  photographs  (optical  or 
x-ray),  oscilloscope  traces,  analog  recordings  on  magnetic  tape  and  high-speed  film.  Ihese 
data  are  manually  reduced,  key  punched  and  stored  on  magnetic  tape  or  disks. 


QUIC  K-LOOK  CAPABILITY 

Black  and  white  film  is  processed  inhouse  and  can  be  completed  within  1 hour,  ('olor 
film  rec|uired  24  hours  for  processing  by  a commercial  processor.  Data  analysis  is  performed 
by  an  inhouse  computer  for  which  normal  turnaround  is  less  than  1 hour. 
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PROa  SSING 
System  aiul  Model 


riie  I I RA  Group  has  iinlimiteil  access  to  the  IBM  360/40  computer  system  wliich  is 
located  on  the  campus  of  the  Institute  in  tlie  same  building  in  which  the  I I RA  onices  are 
maintained.  Peripheral  devices  incliule  a high-speed  card  reader,  line  printer,  four  magnetic 
tape  units,  two  high-speed  disk  units  and  a Calcomp  X-Y  plotter. 

Linguage 

The  computer  system  is  sufficiently  tlexiblc  to  permit  the  use  of  any  standard 
language. 

Input  Output  Options 

Input  is  normally  througli  punch  cards  and  output  may  be  either  by  line  printer  or 
plotter. 

Real  tjiiie ' I nteraction 

N'o  realtime  computing  capability  exists  at  these  facilities. 


DISTRIBUTION 

As  previously  discussed,  very  short  turnaround  times  are  normal  in  this  facilitv'. 
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REGION  C (FOREGROUND)  AND  REGION  A (BACKGROUND) 
BLUE  CANYON  FIELD  LABORATORY 


A REGION  A,  WEST  VALLEY 
G - TARGET-STORAG"  AREA 
H FRAGMENT-RECOVERY  AREA 
J - ORDNANCE-STORAGE  SILOS 

K MACH-2,  BALLISTIC  EFFECTS  DYNAMIC  DATA  DEVICE 
L INSTRUMENTATION  COMPLEX  AND  X-RAY  SYSTEM 


I iguFL-  I)I>1.  Overview  of  THRA  Test  Facilities. 

I 

I 


» 
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aiN  AND  CAMhRA  POSITION 


GUIDI  -*iIRE  AND  HOISTING  SUPPORT-CABLE 
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lahlc  DD-I.  Motion  I’icture  Cameras  Available. 


Make 

Eilm 

Rate,  frames/sec 

Si/.e,  mm 

Capacity,  ft 

Bell  aiul  Howell 

lb 

1 00  and  400 

8 to  64 

Bole  X 

16 

100 

8 to  64 

Cine-Special  II 

16 

100 

8 to  64 

K 100 

16 

100 

64 

Mitchell 

16 

400 

8 to  144 

I'astex  split  frame 

16 

100 

1000  to  16,000 

Eastex  full  frame 

16 

100  and  400 

500  to  8000 

Bell  and  Howell 

35 

1 00  and  400 

6 to  200 

Photosonic 

35 

500 

250  to  1800 

E'astex  split  frame 

35 

100 

500  to  600 

Table  l)I>2.  Weapons  Available  at  TERA. 


Weapon 

Special  features 

.30  caliber 

.50  caliber 

20  mm 

23  mm 

30  mm 

40  mm 

75  mm 

90  mm 

105  mm 

152  mm 

155  mm 

1 20  mm 

Smooth  bore-double  length 

20  mm 

One  twist  in  20  inches 

20  mm 

One  twist  in  1 8 inches 

20  mm 

One  twist  in  1 6 inches 

20  mm 

One  twist  in  14  inches 

20  mm 

One  twist  in  1 2 inches 

20  mm 

One  twist  in  10  inches 

20  mm 

One  twist  in  8 inches 

20  mm 

Smooth  bore  chambered  for  20  mm  cartridge 

20  mm 

Smooth  bore  chambered  for  40  mm  cartridge 

23  mm 

Higli  twist  rifling 

105  mm 

Smooth  bore 
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ANNEX  EE  - INTRODUCTION 


OVERVIEW 

The  aiiministrativc  and  engineering  offices  of  PATIX'  (Pacinc  Teclinical  Corporation) 
are  located  at  41  5 East  Montecito  Street  in  Santa  Barbara,  CA. 

I'or  the  past  13  years  PATIX'  has  been  engaged  in  the  development  of  advanced 
warheads  and  projectiles.  Particular  enipbasis  has  been  directed  toward  conceptual  design, 
prototype  development  and  manufacture  of  armor  piercing  discarding  sabot  ammunition 
and  related  components.  This  effort  also  included  pioneering  work  in  the  employment  of 
depleted  uranium  alloys  and  similar  advanced  high  density  materials  for  ordnance 
applications.  A major  program  was  directed  toward  the  development  of  spin  stabilized 
discarding  sabot  ammunition  for  use  with  automatic  weapons. 

The  ballistic  test  facilities  maintained  by  PATEC  am  primarily  used  to  support  the 
above  work  but  they  are  available  for  other  survivability/vulnerability  testing. 

The  primary'  point  of  contact  concerning  testing  in  the  PATI'C  facilities  is 
Dr.  F'ritz  K.  I'eldmann,  President,  telephone  S05-‘)b5-45Kl . 


GENERIC  AIRCRAFT  SYSTEMS  (SUBSYSTEMS)  TESTED 

The  PATI’C  facilities  have  been  used  primarily  to  test  various  structural  materials 
instead  of  systems  or  subsystems.  The  facilities  do,  however,  lend  themselves  to  the  test  of 
complete  aircraft  systems  or  any  subsystems. 

SURVIVABILITY/VULNERABILITY  FACILITIES  OVERVIEW 

PATEC  maintains  and  operates  one  indoor  facility,  located  at  the  Santa  Barbara 
Airport,  and  one  outdoor  facility,  located  at  Camp  Roberts,  CA  (125  miles  north  of 
Santa  Barbara).  E.ach  of  these  facilities  has  the  necessary  space,  equipment  and  instrumen- 
tation for  a broad  spectrum  of  S/V  testing. 


ACCESS 

Excellent  access  is  proviiled  the  PATEX’  Santa  Barbara  facilities  by  Highway  101,  the 
Soutliern  Pacific  Railroad  and  the  Santa  Barbara  Airport  and  to  the  Camp  Roberts  facility 
by  Highway  101  and  the  Southern  Pacific  Railroad. 


MAINTENANCE/FABRICATION  CAPABILITY 

Very  limited  maintenance  and  fabrication  is  organic  to  PATEX’.  An  ample  number  of 
f vendor  organizations  are  available  in  Santa  Barbara  to  perform  these  functions. 
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UH.ISTIC  S SUPPORT  ( AP ABILITY 

PA  I • C has  storajic  laulitics  for  tlcplctcil  uranium  ixmctrators  and  tor  up  to 
200  pounds  ot  propellant.  ( oniplctc  toadinu  facilities  exist  for  up  to  40-mrn  ammunition. 


INDOOR  I AC  ILITII  S 


DIMLNSIONS 

riie  PA n ('  indoor  ranjie  occupies  over  I 100  ft“  of  enclo.sed  space.  I'igure  lili-l  .shows 
the  range  layout.  Projectiles  of  up  to  23-mm  can  be  fired  at  velocities  of  up  to  4.S00  ft/sec 
on  this  range. 


VVT  APONS  PROJECTILES  AVAILABLE 

Hie  weapons  and  barrels  available  at  the  PATLX'  facility  include  those  listed  in 
fable  I 1 - I. 

Proieetiles  available  include  stamlard  military  ammunition  for  every  si/e  barrel  and 
special  projectiles  such  as  ilepleted  uranium,  tungsten  and  discanling  sabot. 


ENVIRONMENT 

■All  tests  are  conducted  under  ambient  conditions. 


LIVE  INERT  EIRE 

Armor  piercing  incendiary  rounds  of  up  to  23-mm  can  be  fired  on  this  range.  No  high 
explosive  projectiles  can  be  fired. 


SAI  LTY  ( AND  SECURITY)  REOUIREMENTS 

P.A  n ( liolds  a Secret  facility  clearance  anil  can  accommodate  documents  and 
materials  ot  tliat  classification. 

■All  firing  is  done  electrically  from  a protected  control  position.  No  warning  system  is 
employed.  Salety  is  assured  by  limiting  the  number  of  personnel  involved  in  tests  and 
physically  accounting  for  all  test  personnel  before  firing. 


POWER  AVAILABILITY 

Only  I 10  and  220  VAC  commeriial  power  is  installed  on  the  range. 
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t OBSERVATION/COMMUNICATION 

()liscr\ation  ports  in  the  side  wall  of  the  ranpe  permit  visual  observation  or 
photographic  coverage  from  a protected  position. 

No  range  communications  are  provided. 

f 

IN-FLIGHT  BALLISTIC  INSTRUMENTATION 
Giser/Photography 

Photographic  instrumentation  available  at  the  PATEC  range  includes  Fastex  high-speed 
t motion  picture  cameras,  still  cameras,  flash  x-ray  units,  Schlieren  units,  multiple  microflash 

units  and  l(>-mm  motion  picture  cameras  for  normal  speed  or  slow  motion  photography. 

Timing 

Paper  make  velocity  screens  provide  triggering  for  electronic  counters  or  oscilloscopes 
f for  measuring  projectile  velocities. 

Hard  wire /Telemetry 

All  instrumentation  is  connected  by  hardwire  circuits. 

TER.MINAL  BALLISTIC  INSTRUMENTATION 
Giser,  Pliofograpliy 

The  photographic  systems  described  above  are  also  used  for  collecting  data  concerning 
terminal  effects. 

Timing 

< Sensors  of  various  types  are  used  in  conjunction  with  oscilloscopes  to  measure  terminal 

I effects. 

j Hard  wire/Teleme  try 

j All  instrumentation  systems  are  connected  by  hardwire  circuits. 

I OUTDOOR  FACILITIES 

DIMENSIONS 

The  Camp  Roberts  facility  can  accommodate  firing  over  ranges  of  up  to  2000  meters. 
Figures  EE-2,  Eli-3,  and  liE-4  show  typical  test  layouts  for  this  facility. 
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WUAPONS/PROJLCTILES  AVAILABLE 

All  weapons  listed  in  lable  1 I:-l  can  be  fired  on  this  range. 


ENVIRONMENT 

All  tests  are  conducted  under  ambient  conditions.  Night  firing  can  be  conducted  by 
prior  arrangement. 


LIVE/INERT  FIRE 

High  explosive  projectiles  of  up  to  30-mm  can  be  fired  on  this  range  by  arrangement 
with  the  California  National  Guard  provided  the  ammunition  is  government  furnished. 
Larger  calibers  may  be  fired  through  special  arrangement  with  range  control. 


SAFETY  (AND  SECURITY)  REQUIREMENTS 

The  same  requirements  pertain  as  were  de.scribed  above. 


POWER  AVAILABILITY 

Commercial  power  of  100  VAC  is  available  to  some  points  at  this  facility.  Mobile 
generators  are  used  to  provide  1 10  and  220  VAC  to  other  sites. 


OBSERVATION/COMMUNICATION 

Direct  visual  observation  is  permitted  from  the  vicinity  of  the  firing  point.  Field 
telephones  provide  communication  between  the  firing  point,  any  remote  observers  and 
range  control. 

INSTRUMENTATION 

In  addition  to  the  instrumentation  described  for  the  indoor  facility  measurements  are 
nornially  made  of  terminal  velocity  and  of  the  time  of  llight  of  the  projectile. 

DATA  HANDLING/PROCESSING 

All  data  are  manually  reduced  and  processed.  A Wang  Model  3b0  programmable 
calculator  is  used  for  data  analysis. 
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I.ihio  11-1.  Weapons  .Available  at  I’A  I1'(  . 


eapon 

Type 

.ahber 

Smooth  bore 

.(>25  caliber 

Smooth  bore 

.H5  caliber 

Smooth  bore 

5.5(>  mm 

RltlcHl 

7.(>2  mm 

Rilled 

.50  caliber 

Rilled  Mann  barrel 

.50  caliber 

Rilled  machine  giin  barrel 

20  mm 

Rilled  Mann  barrel 

20  mm 

Rilled  Ml 39  machine  gun  barrel 

20  mm 

Rilled  Ml 39  machine  gun 

20  mm 

Rilled  HSX04  machine  gun 

20  mm 

Rilled  MK  1 2 barrel 

20  mm 

Rilleii  Mann  barrel  M50  series 

23  mm 

Rilled  MS823  barrel 

23  mm 

Rilled  Mann  barrel 

30  mm 

Rilled  r>AU  8 barrel 

30  mm 

Rilled  Mann  barrel 

40  mm 

Rilled  Holers  barrel 
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ANNEX  FF  - INTRODUCTION 


OVFR\  lEVV 

llic  I'.S.  \rm\  I’icatinny  Arsenal  is  locateil  in  Dover,  NJ,  1 2 mite  nortli  ol 
' L'.S.  Route  XO  on  New  Jersey  Route  15.  I.oeated  in  a valley  between  the  C opperas  and 

( ireen  Pond  Mountains  in  the  hiithlamls  of  New  Jersey,  the  .\rsenal  is  ideally  suiteil  to  the 
eirnduet  ol  research  on  explosives  and  munitions.  T he  physical  plant  includes  b4dl  acres  ot 
land  and  almost  4 million  ft-  in  huildini:s  and  structures.  Ihe  Ars<.-nal  tunctions  as  a 
development  center  for  the  .Army  for  all  ammunition  (exclusive  of  chemical),  up  to  and 
incliKimg  X-inch  projectiles.  .Areas  of  responsibility  include  nuclear  nuinitioie.-  (less  nuclear 
• components),  cimventional  munitions,  artillery  and  recoilless  rilJe  ainnumilion.  bombs. 

mines,  {irenades.  explosives,  demolitions  and  firing  devices.  The  primary  point  of  contact  tor 
this  facility  is  Mr.  Ronald  Geany,  telephone  201 -.5 28-5466. 


CiENERIC  AIRC  R AF-T  SYSTEMS  (SUBSYSTEMS)  TESTED 

* 

All  aircraft  systems  can  be  tested  at  the  .Arsenal,  including  ordnance  with  an  explosive 
cciuivalent  of  up  to  25  pounds  HP  (cased).  Gelatin  blocks  are  also  used  to  simulate  tests  of 
personnel  vulnerability. 

f SURVIVABILITY/VULNERABILITY  OVERVIEW 

Ihree  ranges  of  Picatinny  Arsenal  are  suitable  for  survivability  vulnerability  type 
testing.  One  iiuioor  range  160  feet  long  can  be  used  to  tire  inert  projectiles  up  to  20-imn. 
Two  outdoor  ranges  provide  a capability  of  firing  inert  projectiles  up  to  X-inch  caliber  and 
III  projectiles  up  to  106-mm.  Targets  may  contain  explosives  of  up  to  25  pounds  HI 
(cased)  eciuivalent.  Depleted  uranium  projectiles  may  be  fired.  Multiple  areas  lor  static 
detonation  of  explosives  are  also  available. 


A(  ( ES.S 

* .Access  to  the  Arsenal  is  by  road,  rail,  or  helicopter.  The  Arsenal  is  located  on 

State  Route  15.  approximately  0.5  mile  north  of  Interstate  Route  XO.  Newark  .Airport  is 
.15  miles  southeast.  Morristown  Airport  is  approximately  15  miles  south. 

MAINTENANC  E F ABRIC  ATION  C APABILITY 

« 

I'he  maintenance  and  fabrication  capability  of  the  Picatinny  Arsenal  is  extremely  good. 
Arsenal  personnel  are  c|ualified  to  fabricate  and  maintain  not  only  reipiired  jigs  and  fixtures, 
but  also  all  manner  of  ordnance  including  fuses.  A limited  maintenance  and  repair  capability 
for  aircraft  systems  and  subsystems  exists  at  the  Arsenal  and  it  can  be  supplemented  In 
elements  of  the  New  Jersey  Air  National  (luanl.  (A  helicoitter  detachment  is  scheduled  to 
be  located  at  the  Arsenal  in  the  coming  year.) 
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1 

I 

^ 1 (K.ISIK  AL  SIJI'I'OK  I C \P  \mi  I l Y 

I Storjue  aiul  rdoailine  lacililios  exist  in  ahuiulancc  tor  all  types  ot  orclnanee  at  the 

; I’leatinnv  Arsenal.  I \|vriinental  ami  (levelo(Mnental  onlnanee  ean  also  he  desiinied  and 

I pnulueeil. 


INDOOR  l AC  ILIllI  S 


RAN(.E  M MHl  R 620 
Dimensions 


I Ins  ranee,  also  known  as  the  Small  .Anns  Ranjie.  is  I 2 feet  w-ide,  ‘Meet  hit’ll,  and 
l()0teet  lone.  Walls  are  eonerete  and  the  roof  is  eomiiiated  steel.  A 1 2- hy  1 5- foot 
instrumentation  room  is  adjacent  to  the  firine  lane  and  a bullet  catcher  is  located  at  the  end. 

lareets  must  he  nonnammahle  and  must  pass  through  a 4- hy  8-foot  door,  (ielatin 
blocks  may  he  used  to  simulate  tests  against  personnel. 

Weapons/I’rojectiles  .Available 

I’rojecliles  up  to  20-mm  may  he  fired  on  this  range.  Mann  barrels  from  .22  caliber 
through  20-mm  are  available.  In  addition,  all  small  caliber  small  arms  are  also  available. 

I ive^  I nerl  l ire 

Inert  projectiles  only  may  be  fired. 

Safety  (and  Security)  Re(|uirements 

I he  area  is  secure  for  classified  materials.  Range  doors  are  provided  with  safety 
interlocks.  Range  safety  rec|uirements  are  available  upon  retpiest. 

Power  Availability 


I lectrical  power  up  to  ?20  volt,  single-phase  is  available.  IX'  power  for  nortnal  aircraft 
usage  can  be  provided.  Plant  . (100  psi)  is  available.  Hydraulic  power  can  also  be  provided. 

In-I  lieht  Uallistic  Instniinenlation 

1*1101  (XiRAPIIY.  I welve  l astex  high-speed  cameras  are  available  for  use  as  either  full 
frame  (8000  frames/sec)  or  half  frame  ( 16.000  frames/sec)  cameras.  100-foot  maga/ines  are 
useil.  One  Photosonic  ( 1000  frames/sec)  and  one  Milliken  (.‘iOO  frames/sec)  are  also  available 
III  adililion  to  staiulard  movie  cameras  and  one  streak  camera.  Multiple  microflash  units  can 
also  be  employed. 
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NIulliple  (lash  x-ray  units  of  100,  300,  ami  600  kV  can  he  useJ.  One  2.3  mV  head  is 
also  available. 

1 1.MING.  1000  11/  timini;  mark  generators  are  used  lor  camera  timing.  Light  screen, 
paper  grid  and  magnetic  impulses  are  useil  with  chronographs  for  in-llight  timing. 

H.ARDWIRI  . Standard  gun  function  instrumentation  is  useii  to  record  pressure-time 
histories  for  chamber  and  barrel  pressures.  Two  KO  kil/,  14-channel  recorders  are  available 
for  recording  12  data  channels,  one  lime  base  channel  anti  one  voice  channel.  Multiple 
magnetic  tape  recorders  of  low-er  response  are  also  available.  Dual  beam  storage  oscilloscopes 
aiul  o.sciilographs  may  also  be  u.seii. 

Terminal  Rallistie  (nstrumeiilation 


PHOrCKiRAlMD'.  See  In-Lligh!  photographic  capability. 
riMINCi,  See  In-tlight  timing  capabilities. 

ll.ARDWIRL.  lemiinal  hardwire  instrumentation  Capability  includes  measurement  of 
pressure,  temperature  ami  strain. 


OUTDOOR  FACILITIES 


KA.N(,L  NUMBER  636 
Dimensions 


I'his  outdoor  range  is  400  feet  long  and  terminates  m a slug  butt  I 2 by  12  feet,  20  feet 
deep,  larget  materials  are  plaeeil  by  forklift.  A 30-  by  ,S0-foot  building  for  personnel  and 
range  instrumentation  is  located  behind  a barricade. 

Weapons/  Projectiles  Available 


Projectiles  up  to  S-inch  caliber  may  be  fired.  All  U.S.  weapons  from  20-mm  through 
H-inch  caliber  are  available. 

Live,  Inert  Fire 

Inert  projectiles  (jnly  may  be  fired. 

Safely  (and  Security)  Reipiiremenls 

Lhe  range  is  secure  for  classified  materials  and  weajrons.  Range  safety  requirements  are 
available  on  request. 
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l’()_\ver  \v;iil;il)iliiy 

I loctrKal  power  up  to  220  volts  is  avaihihle  at  tlie  raujte  Iniildi’it’.  IK  elcetrical  power 
aiul  ludraulie  power  eati  lie  proviileil  by  pt)rtable  ttenerators. 

Ohsorvatioii 

No  live  observations  are  allowed. 

Instrii  mentation 

I be  instnimenuiiion  used  for  survivability /vulnerability  testini:  is  portable.  See  the 
insiri.mentatioti  eapabilities  of  Ranite  Number  b20  ( INDOOR  I'ACIl  I'l  II  St. 

R.\N(.;i;  NDMUDR  1242 
Dimensions 


! 


This  outdoor  ranee  is  400  feet  long  and  terminates  in  a slug  butt  30  feet  wiile.  20  feel 
high,  and  30  feet  deep.  Targets  are  plaeed  by  forklift.  An  instrumentation 'personnel  van  is 
located  behind  a barricade.  Targets  which  can  be  tired  at  are  limited  only  by  the  si/e  of  the 
slug  butt.  They  may  contain  an  e.xplosive  eijuivalent  of  up  to  25  pouiuis  III  ( cased  I.  f uel 
tanks  may  be  tired  at. 

VNeapons  l‘rojectilcs  .Available 

See  .Availability  for  Range  Number  63b. 

Ove  lner|^  Hre 

III  projectiles  up  to  lOb-ttim  may  be  fireil.  Inert  projectiles  up  to  X-inch  caliber  may 
Ih-  tired. 

Safety  (and  Sc-eurity)  Re(|uirements 

Ibis  range  is  secure  tor  classitled  materials  and  weapon  systems.  Range  sa'Vty 
re(|uirements  are  available  on  reipiest. 

Rower  Availability 


TIectrical  ami  hyilraulic  power  requirements  can  be  met  with  portable  generating 
equipment. 

OI)sc‘rvalion 

No  live  observation  is  alloweil. 
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liislrumentalioii 

1 lie  instmiiK-ntalioii  iisol  lor  sui-vivahility/vulneralMlity  testin"  is  porlahle.  See  the 
iiistruiiientation  eapabilities  ot  Kaiigc  Niiinber  620  ( INI)(  )OR  1A(  II  INI  S). 


DATA  HANDLING  l'ROCT  SSlN(; 


DATA  STORAGi:  AND  Rl  TRILVAL 

Data  is  stored  on  film,  computer  card,  inaiinetic  tape,  or  disk. 


QLICK-LOOK  C APABILITIES 

(,)uick-look  capabilities  are  limited  to  oscillopraph.  oscilloscope,  and  strip  chart 
recordings. 


PROn  .SSIN(. 

System  aiul  Model 

A ('IX  Model  6.S00  digital  computer  is  located  at  the  Arsenal.  An  Analog-Hybrid 
Computer  (LAI  KHOO)  is  also  available. 

Languages 

All  common  languages  can  be  accommodated. 

Input  Output  Options 

Standard  I '()  options  are  available,  lather  7-  or  0-track  magnetic  tapes  can  he  used.  In 
addition,  numerous  remote  terminals  may  be  used  in  a remote  batch  or  time-sharing  mode. 
Several  interactive  grapliics  terminals  are  available. 

Realtime  Intcraetimi 

lime-sharing  mode  can  be  used  in  addition  to  interactive  graphics  terminals. 

DISTRIHUTION  (TURNAROUND  TIME) 

lurnaround  limes  ranges  from  immediate  to  several  hours,  depending  upon  the  job  si/e 
anil  processing  time  rec|uired. 
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ANNi  X iA,  - INTRODUCTION 


OVIRVILVV 

Ovvr  tlic  p;ist  scvor;il  years,  the  I.AADtl.os  Antieles  Aireralt  Division)  o(  Koekwell 
International  has  estahlislieil  a capability  lor  carrying;  out  all  phases  of  research  and 
development  in  the  area  of  ballistic  testing  at  the  Kocketdyne, 'Santa  Susana  Field 
Laboratories,  located  in  a remote  area  approximately  W rules  from  the  Canoga  Park 
headquarters.  The  mountainous  terrain  readily  provides  ideal  backstops  for  the  gun  ranges, 
and  permits  easy  control  of  high-velocity  aiul/or  high-energy  projectiles.  The  area  contains 
two  buildings  with  temperature  and  humitlity  control  which  are  provided  with  reinforced 
concrete  walls  for  personnel  protection. 

Rockwell  International  is  particularly  well  qualified  and  equipped  to  obtain  data  on 
secondary  impacts.  This  expertise  ami  ballistic  test  range  equipment/instrumentation  are  a 
result  of  having  performed  ballistic  testing  for  verification  of  penetration  ei|uations  and 
residual  velocity  models  in  support  of  the  B-1  aircraft  program  over  a period  of  several 
years.  Additional  ballistic  testing  has  been  accomplished  during  this  same  period  to  support 
contracteil  eltorts  to  the  Fustis  Directorate,  U.S.  Army  Air  Mobility  Research  and 
Development  Giboratory,  Fort  Fustis,  V.A.  and  several  industrial  organizations.  The  primary 
point  of  contact  concerning  testing  at  this  facility  is  Mr.  Glen  Artz,  telephone 
213-884-4000. 


GFNFKIt  AIRCRAFT  SYSTEMS  (SUBSYSTEMS)  TESTED 

Rockwell  International  can  perform  S V testing  on  materials,  components,  structure 
sections. 


SURVIVABILITY/VULNERABILITY  FACILITIES  OVERVIEW 

Three  gunfire  test  ranges  exist  at  the  Kocketdyne/Santa  Susana  Field  laboratories.  Two 
outdoor  ranges  are  nearly  parallel  and  share  the  same  control  center.  ARand  IIF.  weapons  up 
to  4(Fmm  may  be  fired  at  targets  up  to  350  feet  downrange.  The  third  range  is  located  a 
short  distance  away  from  the  other  two  and  is  housed  in  an  S-foot-diameter  steel  tunnel 
1 10  feet  long.  Weapons  up  to  and  including  30-mm  (23-min  ilFT  have  been  used  for  test  in 
this  facility. 


ACt ESS 

Fhe  Santa  Susana  facility  may  be  reached  easily  via  State  Route  18  from  either 
U.S,  Route  lOI  (via  State  Route  27)  or  from  Interstate  Route  405  (via  Devonshire  St.).  Rail 
transport  via  the  Southern  Pacific  and  air  transport  are  available  to  (’hatsworth  and 
l.os  Angeles  International  Airport,  respectively.  Port  facilities  are  available  at  Port  llueneme. 
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MAINTI  N ANCI  /FAI3R1CATION  CAPABILITY 

Complete  maehine  sliops  facilities  are  available  at  the  Canojia  Park  heailquarters  with  a 
virtually  unlimiteii  capability. 


LOtilSTICAL  SUPPORT  CAPABILITY 

Facilities  are  available  at  the  Santa  Susana  Field  Laboratories  for  storage  of  up  to 
10.000  pounds  of  IIF.  Facilities  are  available  for  loading  cartridges  of  commonly  used 
calibers. 


INDOOR  FACILITIES 


i 

I 


i 

r 

1 


TUNNEL  GUNFIRE  RANGE 
Dimensions 


I'he  Tunnel  (hmfire  Range  is  housed  in  an  8-foot-diameter  by  1 1 0-foot-long. 
I /2-inch-thick  steel  tunnel.  An  adjacent  control  center  provides  a recording  center  and  fire 
control  area  for  conducting  gunfire  tests.  The  steel  tunnel  permits  complete  control  of  the 
proiectile  throughout  its  entire  tlight.  Since  it  is  completely  enclosed,  tests  can  be  run  night 
or  day  in  any  kind  of  weather.  Targets  must  be  nontlammable.  Figures  Gti-l,  GCi-2  and 
G(F3  show  exterior,  interior  and  plan  views  of  this  stage. 

Weapons  Pr<iiectile  Available 

Stand.ird  tnili*r>ry  projectiles  from  .‘'.56-  througli  30-mm  may  be  fired  using  . ariety  of 
rified  or  smooth-bore  barrels.  Smooth-bore  barrels  are  also  used  to  launch  saboted 
projectiK  s of  various  sizes  and  shapes  at  velocities  from  1000  to  well  over  6000  ft/sec. 

Live;  Inert  Fire 


Live  111-1  projectiles  up  through  23-mm  and  inert  projectiles  up  through  30-mm  may  be 

fired. 

S;ifety  (and  Security)  Requirements 

Facilities  are  available  for  storage  of  classified  material  and  equipment.  Standard  safety 
procedures  are  employed  (including  use  of  electronic  firing,  door  interlocks,  warning  lights, 
bells  and  sirens,  and  a PA  system). 

Power  Availability 


Flectrical  power  at  1 10.  220,  and  tO  VAC  is  available.  Portable  generators  are  used  to 
meet  special  electrical  or  hydraulic  power  re((uirements. 
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Obsorv;itii>n 


I 


i 


riic  target  cannot  be  directly  observed  during  tests. 

In-Flight  Ballistic  Instrumentation 

IMIOKKiR.M’HlC.  High-speed  I astex  'rameras  with  framing  rates  from  1000  to 
1 .S, 000  frames, see  can  be  iiseil  to  record  test  results.  Also  available  is  a 1 RW  Model  26B 
image  Converter  camera  modifieil  to  extend  the  conventional  80-/jsec  maximum  time 
duration.  I his  five-frame  framing  unit  provides  exposure  times  of  50  to  500  nsec.  Fxploding 
briilge  wire  and  Xenon  Hash  lighting  units  are  available  for  either  front  or  hack  lighting  as 
reiiuired.  along  with  I resnal  lenses  for  proper  light  focusing. 

l ield  1 mission  Corporation  flash  x-ray  system,  consisting  of  two  300-Kr  heads  and 
one  bOO-Kr  head  is  available.  Rockwell  has  developed  a unique  combined  usage  (with  the 
image  converter  camera)  that  provides  synchronized  high-resolution  optical  and  ravliographic 
records  of  individual  complex  high-velocity  impact  events. 

riMINCi.  l our  solid-state  electronic  time  interval  counters  capable  of  20  msec  time 
discriminations  (two  Systron-Donner  Model  6151  and  two  Dana  Model  8015B),  and  four 
others  capable  of  100  msec  time  discriminations  (Systron-Donner  Model  6250  0)  are 
available. 

H.ARDWlRIi.  Kistler  Model  607C4  ballistic  pressure  transducers  with  matched  Kistler 
Model  504  charge  amplifiers  can  be  used  for  gun  pressure  measurements. 

Tektronix  Model  55  dual  beam  oscilloscopes  (3)  and  a Sangamo  .Model  4700,  Sabre  IV, 
14-channel,  high-speed  tape  recorder  (120  in/sec)  are  used  to  record  hardwire  instrumen- 
tation measurements. 

Terminal  Ballistic  Instrumentation 

Ihe  instrumentation  available  for  In-Flight  Ballistic  recording  is  also  used  to  record 
terminal  ballistic  events. 

Environmental  Simulation  and  Measurement 


Tests  are  conducted  at  ambient  conditions  only. 


OUTDOOR  FACILITIES 

HAPPY  VALLEY  OUNFIRE  RANGE 
Dimensions 

The  Happy  Valley  (iunllre  Range  is  actually  two  ranges  nearly  parallel  (approximately 
1(X)  feet  apart)  which  share  the  same  instrumentation/control  center.  The  maximum  firing 
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ranirc  is  approximately  300  feet  on  the  lower  range  and  350  feet  on  the  upper  range. 
I’rojeetiles  are  stopped  (at  tlie  maximum  ranges)  by  a hill  approximately  50  feet  higher  than 
the  imixict  elevation.  1 igures  (iCi-4  and  (i('i-5  show  these  ranges. 

NVcapons  Projectiles  .Available 

The  following  weapons  are  available: 

1.  40-mm  Bofers  action  with  30-tnm  smooth-bore  barrel 

2.  30-mm  smooth-bore  Mann  barrel 

3.  30-mm  rifled  Mann  barrel 

4.  2(>mm  rifled  Mann  barrel 

5.  20-mm  rifled  Mann  barrel 

6.  14.5-mm  rifled  Mann  barrel 

7.  12.7-mm  rifled  Mann  barrel 

8.  5.5f>-mm  rifled  Mann  barrel 

9.  Caliber  .50  machine  gun,  rifled  Mann  barrel,  and  smooth-bore  .Mann  barrel 

10.  Caliber  .30  machine  gun  and  various  rifles 

The  Bofers  gun  is  mounted  at  the  lower  range.  Smooth-bore  barrels  have  been  used  to 
launch  projectiles  of  various  sizes  and  shapes  at  velocities  from  1000  to  well  over 
bOOO  ft 'sec. 

Livc/lnert  Fire 


Live  projectiles  may  be  fired. 
Safety  (and  Security)  Requirements 


I'acilities  are  available  for  storage  of  classified  materials  and  equipment.  Standard 
safety  procedures  are  employed  (including  use  of  electronic  firing,  warning  lights,  hells,  and 
sirens,  and  a PA  system). 

Power  Availability 


l lectrical  power  at  110,  220,  or  440  VAC  is  available.  Additional  requirements  are  met 
with  portable  generators. 

Observation 

j 

* No  tlireef  observation  of  a test  is  allowed.  However,  results  can  be  observed  on  a clo.sed 

• circuit  television  system. 

Instrumentation 

.See  the  Instnimentation  section  B for  the  indoor  I unnel  Gunfire  Range.  J'he 
instrumentation  which  can  be  used  at  the  Lunnel  (iunfire  Range  normally  is  housed  in  the 


J 
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control  center  for  tile  Happy  Valley  (iunfirc  Ranee.  In  aiklition  to  the  above  instrumen- 
tation television  monitors  ami  a .Sony  RV-l20u  television  viJeo  recorder  can  be  used  to 
provide  immediate  playback  of  test  residts. 

Tlircats ^Targets  Available 

l argets  am  customer  furnished. 


DATA  HANDLlNG/PROCFiSSING 
DATA  STORAGE  AND  RETRIEVAL 

Data  are  stored  as  photographie  records  or  on  magnetic  tape.  C'omputers  are  available 
but  not  normally  used. 


QUICK-LOOK  CAPABILITIES 

An  immediate  playback  of  test  results  from  the  television  video  recorder  can  be  made. 
Playback  from  the  high-speed  tape  recorder  of  recorded  data  at  slower  speeds  into 
oscilloscopes  at  any  desired  signal  sweep  rates  perrnites  immediate  detailed  a,s.se.ssmcnt  of  u.se 
rates,  nuctuations,  and/or  instabilities. 


PROCESSING 
System  and  .Model 

Rockwell  International’s  electronic  digital  computing  facilities  are  centralized  at  the 
corporations’  Space  Division  in  Downey,  CA.  These  include  three  IBM  System  370 
Model  lf)5  computers,  supported  by  peripheral  etiuipment.  Communication  between  the 
LAAD  and  the  Space  [division’s  computers  is  done  over  data  transmission  telephone  lines 
and  is  performed  from  an  IBM  360,  Model  13.3  located  at  LAAD, 

Remote  terminals  are  also  available  for  access  to  a CDC  6600  and  a Honeywell  440 
computer. 

Language 

EORIRAN  11.  PL/1,  and  COBAL  are  among  the  high  level  languages  which  can  be 
processed  by  the  IBM  370’s. 

Input /Output  Options 

All  standard  I/O  options  are  available. 
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Roallime  Interaclion 

l ime-sharing  is  available  on  both  the  IBM  360  and  the  Honeywell  440  computers. 
mSTRIHUTlON  (TURNAROUND  TIME) 

l urnaround  time  is  entirely  dependent  upon  the  size  of  job  and  the  mode  of  operation. 
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ANNEX  HH  - INTRODUCTION 


riio  SaiKliii  1 alioralones  in  \llnu|uor(|ue.  NM.  operates  itnloor  and  outdoor  haliistic 
test  laedities.  Sandia  is  part  of  tlie  I nerjiy  Keseareh  and  Development  Administration  whose 
mission  IS  to  pertorm  research,  development,  testing:,  and  evaluation  ol  nuclear  weapons 
systems  and  associateil  suhsystems.  Sun ivabihty/vulnerahility  testing  for  conventional 
weapons  can  also  he  pertormed. 

Primary  point  ol  contact  lor  the  lacility  is  .Mr.  D.C.  Hickel,  telephone  505-2h4-.'?  1 7H. 


(,l  N1  KIC  \1K(  K \l  I SYSTl  MS  (SUHSYSTEMS I TESTED 

Ihe  Sandia  laboratories’  tacilities  are  capable  of  testing  all  types  of  aircraft  systems. 
Si/e  ol'  test  item  is  virtually  unlimited  on  the  outdoor  portions  of  the  range.  The  Aerial  lest 
I acilitv  has  potential  for  realistic  S'V  testing  against  IK  guided  weapons,  radar  guided 
weapons  or  radar  directeil  weapons. 


SI  KVIV  XHILITY  VUENI  RAHIEH  Y EA(  I LITiES  OVERVIEW 

.S.mdia  maintains  two  test  facilities.  Nonexplosive  projectiles  up  to  20-mm  may  be  tired 
on  the  gun  range.  1 .irge  weapons  may  be  fired  up  to  15.000  feet  on  the  .Aerial  Cable  Test 
Range. 


A(( ESS 


Sainlia’s  (iun  l acility  is  locateil  on  Kirtland  .Air  Eorce  Base,  approximately  4 miles  east 
ol  Interstate  25.  Ihe  Aerial  Cable  lest  facility  is  located  (>  miles  east  of  the  (iun  facility  on 
l.urance  ( anyon  Koail.  Kail  transportation  via  the  .Atchison,  I'opeka.  and  Santa  be  Railroad 
is  available  to  witliin  7 miles  of  the  facility.  Air  transport  is  available  to  Albu(|uerque 
International  .Airport  or  Kirtland  Air  force  Base. 


M AIN  ri  N AN(  I I ABRIC  A I ION  CAPABILITY 

A complete  machine  anil  metal  working  shop  is  available  at  the  facility.  Backup 
facilities  are  available  at  Kirtland  .Air  force  Base,  if  needed,  flectronic  maintenance  and 
fabrication  capabilities  are  available  for  normal  instrumentation. 


LCK.ISTK  S SUPPORT  AND  ( AP  ABILI I lES 

Munitions  storage  facilities  are  available  for  virtually  any  amount  of  munitions, 
laigisfics  support  for  maintenance  anil  repair  of  aircraft  systems  is  available  from  Kirtland 
Air  force  Base. 
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INDOOR  I AC  II  ITIF  S 


riu-re  arc  no  strictly  iiuloor  test  ladlities.  However,  small  snins  may  he  fired  indoors  at 
the  ( inns  1 aeility. 


OUTDOOR  I Adl.lTM  S 


C;i  NS  I ACTUTY 
Dimensidns 

Sandia  l.ahoratories’  (iims  laeility  located  in  Area  111  on  Kirtland  Airforce  Rase 
consists  of  a Inmkercd  instrumentation  and  control  htiildinit  adjacent  to  lirin}:  pits  where 
powder  guns  and  other  blast  and/or  shrapnel-producing  ilevices  can  he  fired.  Small  guns  (u|i 
to  2()-mm.  inert)  can  he  fireil  inside  or  outside  the  laeility.  Hie  bidding  contains  a machine 
sho|i  and  light  laboratory  equiinnent  for  test  setup,  fabrication,  and  assembly.  I X|i|osives 
storage  igloos,  and  powder  charge  assembly  building  with  a static-free  room  are  located 
nearby,  file  areas  ailjacent  to  the  building  and  2.5  miles  downrange  have  controlled  access 
for  hazardous  test  operations.  Si/e  ol  the  test  item  is  virtually  unlimited. 

Weapons  Projectiles  .Available 

rile  available  guns,  gun  parameters,  types  of  projectiles  available,  and  typical 
performance  are  shown  in  fable  llll-l.  Standard  military  aiul  special  propellant  charges  are 
used  to  control  impact  velocity  within  the  pressure  limits  of  the  gun  barrels.  Ry  using  sabots 
as  adapters,  a wide  variety  of  test  shapes  and  sizes  may  be  launched  from  the  smooth-bore 
barrels. 

l.ive  Inert  fire 


I ive  Ilf  projectiles  may  be  tired  outside  the  facility.  HI  projectiles  larger  than  2()-mm 
may  be  fired  using  customer-provided  barrels. 

Safety  (and  Security)  Re(|uirements 


file  facility  is  located  within  a fenced,  security  area  where  classified  items  may  be 
tested.  A copy  of  the  facility  Safe  Operating  Procedure  is  available  on  reiiuest. 

Power  Availability 

( ommercial  power  (NO  and  100  amp/440volt)  is  available  at  the  facility.  Portable 
generators  are  available  as  additional  power  sources. 

Observation 


Hf  tests  cannot  normally  be  observeil  directly. 
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lii-Hiy!il  Ikillisiii  InsirumoiUMtion 

I’HOKUiKAI’IIIC  . Iliuh-spccd  photogniphy  with  trame  rales  up  to  3U.000  Irames/sec 
IS  available. 

I IMI\^r  limine  is  .Kcomplished  with  eleetronie  timers. 

IIAKDWIKl  . \ DAI  A('()\l  projectile  sensinj:  system  and  Kl  telemetry  is  available  tor 
measurme  >;un  and  lest  unit  parameters. 

lerinmal  li.illistie  liisiriimeiitalioii 

I he  above  instrumentation  can  also  be  used  tor  recordin;:  terminal  etlects. 

I nv ironmenlal  Simulation  and  Measurements 
lests  are  coiulucted  at  ambient  conditions. 


\l  KIAI  ( ABLh  TI:ST  FACILITY 
Dimensions 

[he  aerial  cable  facility  consists  of  a wire  rope  stretched  across  a mountain  canyon 
approximately  I mile  across.  I his  cable  is  useii  for  a trolly  way  on  which  a rocket  propelled 
instrumented  trolly  travels  at  speeds  ol  up  to  400  knots.  The  trolly  carries  heat  sources  such 
.IS  thermal  pods  or  Hares  which  serve  as  targets  for  infrared  seeking  missiles.  The  trolly  is 
shown  in  figure  llll-I  aiul  a typical  missile  firing  is  shown  in  figure  IIII-2.  firing  positions 
are  available  at  ranges  of  up  to  I.S.OOO  leet  from  the  trolly. 

VVeapons/l’rojeetiles  Available 


Ihe  weapons  listed  in  fable  IIH-I  may  be  fired  on  this  range.  Larger  caliber  customer 
piovided  weapons  may  also  be  fired  in  addition  to  IR  guided,  radar  guideil.  or  railar  directed 
weapons. 

Live  Inert  ITre 

Live  III  projectiles  may  be  fireil  provideil  suitable  arrangements  have  been  made  in  Ihe 
event  of  damage  to  the  cable. 

Safely  (and  Security)  Re(|uirements 

♦ 

Ihe  facility  is  cleareil  lor  classitled  material  to  the  Secret  level.  Safety  proceilures  are 
tailored  to  the  test  requirements. 

Power  Availability 

Mobile  generators  are  available  for  generating  electrical  power  at  I 10,  220.  or  440  VAC 
* and2HVlK. 
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()hscr\:ilioii 

\ isiial  ohscrvation  ol  tests  is  possible  from  several  sale  vantage  points. 

In-I  lielit  itallistie  Itistriimeii latioii 

I’l  l( ) r<)(  iK \l’!  IK  \ l airehikl.  l astex,  and  Mitchell  cameras  are  available  with  framing 
rates  of  7()  to  4()0()  frames/sec.  Cameras  are  fiirnishetl  from  the  l-'ield  lest  Photometric 
Department.  In  aildition  to  numerous  photometric  stations  on  the  ground,  a separate  aerial 
cable  supports  an  aerial  station  for  overhead  views  on  test  events.  Phis  arrangement  permits 
a three-dimensional  viewing  of  each  firing.  A laser  tracker  permits  accurate  positional 
measuri  ments  iluring  the  entire  llight  of  the  missile.  I'hese  systems  provide  data  concerning 
missde  velocity,  approach  distance  to  the  infrared  source,  time  of  Hare  ejection,  trolly  speed 
and  event  times, 

I l\1IN(  I.  IKK  I ,\  ami  K time  systems  may  be  used, 

I lAKDWI Kf  11-  I I Ml  TR'y,  Data  recovery  from  the  test  vehicle  is  possible  from 
on-ln)ard  telemetry.  Measurements  can  be  recorded  on  high-speed  tape  recorders  or  strip 
recorders, 

Terminjil  Ballistic  Instrunientalion 

Instrumentation  used  tor  in-tlight  data  gatfiering  can  be  used  tor  termina/  impact 
recording  also. 


DATA  HANDLING  PROCtSSING 
DATA  STORACiE  AND  RETRIEVAL 

Manual  data  reduction  is  used.  Photographic  data  are  reduced  by  semi-automatic  film 
analyzers, 

l(  K-LOOK  CAPABILITY 

(^uick-look  capabilities  are  minimal. 


PRO(  I SSL\(, 

Numerous  computers  are  available  for  data  processing,  including  ( fC  bbOO,  a 
( D(  7b0().  and  an  IBM  I lOX. 

Language 


All  major  high  level  languages  can  be  accommodated  on  one  or  nu>re  computer 
systems. 
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Input/Outpul  OpliiMis 


All  sijmlard  1,0  <)|>tion.s  arc  available. 
Realtime  Interaelioii 


rinic-sharing  sysiems  are  available. 

DISTRIBUTION 

I urnarouiul  time  on  both  computer  processing  and  film  developing  is  within  1 day. 


* 


f 
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Figure  HU- 2.  Redeye  Missile  Passing  Cable  Car. 
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lablc  IIH-I.  Saiulia  [laboratories  Small  Guns  I'acility. 


Barrel 

Typical  performance 

Weapon 

iengtlu 

in. 

Primer 

1 

Projeetiles 

Projectile. 

grains 

Velocity, 
ft /see 

20  min 

60 

[ 

API,  target  practiee, 
inert  API 

1710 

3600 

.50  ealiber 

36 

[ 

. 1' 

AP,  Ball 

710 

2000 

.50  ealiber 

36 

I 

. 1' 

Sabot 

05 

5500 

1 z't’auge  3-ineb  Mangum 

36 

L 

Slug,  sliot 

650 

2000 

.458  Winehester  Manpum 

30 

I 

Sabot 

21  1 

4700 

.300  Winehester  Manjuim 

30 

1 

Any  .30  ealiber 

166 

3600 

.308  Winehester 

28 

[ 

, P 

.30  ealiber  AP  and  Ball 

150 

2000 

.30-06  Springfiekl 

27 

F 

Factory  Hi  loads 

150 

3000 

.25-06  Remington 

26 

I 

. P 

Any  .25  ealiber 

100 

3300 

.220  Swift 

30 

f 

Any  .22  ealiber 

50 

4300 

. 1 7 Remington 

24 

I 

.Any  . 1 7 ealiber 

25 

4000 

.22-250  Remington 

30 

I 

p 

Any  .22  ealiber 

55 

3700 

Note;  [•.  = electrieal;  I’  = pereussion 


I 
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ANNLX  II  - INTRODUCTION 


OVI  RVII  W 

The  Dynamic  Science  Division  of  Ultrasysteins.  Incorporated,  operates  a ballistic  test 
facility  at  the  Division’s  157-acre  Deer  Valley  l acility  just  north  of  Phoenix  in  South 
Central  Arizona.  I'he  Arizona  ilesert  locale  provides  an  ideal  environment  for  outdoor 
testing  for  automotive,  asiation  and  civil  systems  programs.  I he  facilities  available  at  the 
D\  namic  Sciences  Division,  including  staff  resources  based  on  33  years  of  experience  in 
research,  development,  and  testing,  meet  government  and  industry  needs  for  research  and 
development  in  practically  all  investigative  areas.  I'he  Division  has  earned  national  and 
international  recognitions  for  its  contributions  to  safety  engineering. 

While  the  Division  has  demonstrated  capabilities  in  accomplishing  full  scale  as  well  as 
system  or  component  combat  survivability.'vulnerability  test  programs,  a particular  area  of 
expertise  has  been  in  the  development  and  testing  of  crashworthy  and  self-sealing  fuel 
systems  for  both  fixed-wing  and  rotary-wing  aircratt.  I'he  use  of  a portable  airflow  unit  and 
controlled  variation  of  fuel  pressures,  fluid  flow,  temperature,  and  loading  allow  data 
accumulation  over  a broad  range  of  simulated  conditions.  Past  work  has  also  allowed 
members  of  the  staff  to  develop  a high  level  of  expertise  on  the  23-mrn  API  and  IlPir 
projectiles. 

I he  primary  point  of  contact  for  ballistic  testing  in  the  Dynamic  Sciences  Division  is 
Patrick  /abel.  telephone  602-^42-3300. 


(,I  NLRIt  AIRCRAI  T SYSTl  MS  TLSTED 

I he  I’ltrasystem  test  facilities  are  capable  of  performing  full-scale  tests  on  both 
rotary-wing  anil  llxed-wing  aircraft,  as  well  as  system,  subsystem,  and  materials  testing.  In 
addition,  the  facilities  are  specifically  suiteil  to  fuel  system  testing. 


SURVIVABILITY/VULNLRABILITY  I ACILITIES  OVERVIEW 

Ultrasysteins  operates  one  outdoor  ballistic  test  range  at  its  Deer  Valley  I'acility. 
Projectiles  up  through  30-mm  may  be  fired.  Due  to  the  availability  of  excellent  firefighting 
eifuipment  (including  light  water  and  CO),  on-site  fuel  storage  equipment  and  a portable 
airflow  unit,  the  range  is  well  suited  to  fuel  system  testing. 


ACCESS 

I xcellcnt  access  is  provided  to  the  facility  by  Interstate  17.  Rail  transport  is  provided 
by  the  Santa  be  and  Southern  Pacific  Railroads  to  Sun  City,  A/,.  Sky  Harbor  International 
Airport  is  less  than  30  miles  South,  while  Deer  Valley  Airport  is  approximately  1 mile 
.South. 
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M AINTLNANCE  f AIJKICATION  C APABILITY 

Dynamic  Science  maintains  a machine  shop  for  fabricating  prototype  components 
uniier  development  and  for  lahrication  of  test  harilware  supporting  development,  test,  and 
evaluation  programs.  The  shop  is  designed  to  meet  a wide  variety  of  reciuiremeiUs.  ranging 
from  precision  machining  and  metal  work  through  heavy  structural  work. 


LOC.ISTICS  SUPPORT  CAPABILITY 

A maga/ine  capable  of  storage  of  up  to  100  pounds  of  mixed  explosives  and  fuel 
storage  facilities  in  which  SOO  gallons  of  three  separate  fuels  may  be  stored  are  located  at 
the  range.  Cmn  barrel  loan  arrangements  have  been  made  and  local  fabricators  are  available 
lor  making  barrels.  A munitions  handling  area  is  located  at  the  range  in  which  high  explosive 
projectiles  may  be  modified  in  safety. 


INDOOR  FACILITIES 


No  indoor  test  facility  is  maintained  at  this  site. 


OUTDOOR  FACILITIES 


BALLISTIC  TEST  RANGE 
Dimensions 

The  Ballistic  lest  Range  is  located  at  the  southeastern  end  of  the  Dynamic  Sciences 
Division’s  157-acre  Deer  Valley  lest  l acility.  Within  this  facility  small  arms  can  be  fired 
over  a range  of  up  to  100  yards  and  at  angles  of  elevation  of  up  to  30  degrees.  .An  earthen 
mound  and  elevated  shielding  (movable)  contain  penetrators  and  fragments,  fhe  range  is 
eipiipped  with  a combination  of  liciuid  carbon  dioxide  and  a self-contained  water  (or  "light 
water")  pumping  system  to  control  and  extinguish  fire,  especially  fuel  fires.  The  facility  will 
accommodate  full  sized  aircraf  t targets. 

Weapons  Projectiles  Available 


Weapons  of  the  following  calibers  are  available:  7.65-,  14. 5-,  20-,  23-,  and  30-mm.  and 
.30  and  .50  caliber.  Normally  a Mann  gun  system  is  useil  with  electrically-actuated  tiring 
mectianism.  Interchangeable  breeches  and  barrels  can  accommodate  domestic  and  foreign 
munitions. 

Live  Inert  Fire 

High  explosive  projectiles  may  be  fired. 
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Silfi'iv  (;iiul  St'c'urily)  Ki'(|iiiremonls 

K.iiiiii-  s.iti-ty  roquiriMiKMils  an.-  available  on  rcciucst.  I adlitics  for  storafie  of  dassifiecl 
tlocuments  ami  e(|miimenl  can  be  provmleil.  I he  range  is  fenced  and  protectetl  by  guard 
ilogs  whenever  the  crew  is  absent. 

Power  .Availability 

The  range  is  provided  with  400  amperes  alternating  current  service  at  I lO  and 
2:0  volts. 

Observation 

Direct  visual  observation  is  available. 

In-Plight  Ballistic  Instrumentation 


I’llOKKiRAPHIC.  The  Photographic  l.aboratory  has  a full  complement  of  cH|uipment 
for  recording  ami  analyzing  photogra|diic  data.  Typical  e(|uipnient  includes: 

1.  Stills 

2.  Se(|uence  Camera 

.T  Realtime  .Motion  Cameras  (24  frames/sec) 

4.  l.ocam  I ()4  ( .SOO  frames/sec) 

.‘i.  Ilycam  (0  to  I 1,000  frames/sec) 

6.  Photosonics  IB  ( 1000  frames/sec) 

7.  Mitchell  (500  frames/sec) 

5.  AV3400  Viileo  Tape  Camera 

I IMIN'C.  'I  iming  for  meiiium  and  high-speed  camera  are  provided  by  neon  or  LTD 
lights  integral  to  the  camera. 

llARDWIRt  . Instrumentation  capabilities  include  recording  up  to  I b8  separate 
parameters,  using  a combination  of  telemeter  data  links  to  a central  recorder  and  hard  lines 
f to  the  range  control  buililing.  Selected  data  can  he  reconled  on  magnetic  tape  to  a 

lrei|uency  response  of  40kllz.  In  addition,  projectile  velocity  is  determined  using 
idiotoelectric,  paper,  or  aluminized  mylar  chronograph  screens. 

Ter mjii^  Ballistic  Instrumentation 

f The  instrumentation  used  for  in-llight  recording  may  also  be  uschI  to  record  terminal 

effects. 

Lnvironmental  Sim ulation  and  .Measurement 

A pre-positoned  wimi  machine  can  induce  an  airflow  over  a target  with  a 
y 2.5()()-horsepower,  three-blaile  aircraft  engine.  This  is  remotely  controlled  from  the  range 

control  building  for  adjustment  of  engine  speed  and  shutdown. 
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DATA  HANDLINC;  l>RO(T  SSIN(; 


DATA  SrORA(.l  AND  Rl  TRII  VAL 

l);ita  arc  usuallv  manually  reduced,  hut  a Vaufuiard  Motion  Analy/cr  is  available  tor 
detailed  kinematic  data  analysis  from  hiuli-speerl  liltn  Ibotai’c. 


OL  l(  k-LOOk  C AP  \im  ITY 

A video  tape  camera  with  a idayhack  system  can  he  used  for  immediate  playback  of 

tests. 


l’RO(  1 SSIN(i 

A L'nivac  1 004  remote  terminal  located  in  the  I npineering/Administration  ( enter 
communicates  with  a nearby  L'nivac  IlOX  computer.  An  in-house  I iewlett-I’ackanl 
1’II2I00.\  is  used  lor  data  digitizing  and  for  solving  problems  that  do  not  reipiire  a large 
computer  system. 


DISIRIHl'IION 

liirnaroimd  time  for  data  |irocessing  depends  upon  the  si/e  of  the  job.  .Ml 
blaek-aiul-white  still,  copy,  and  enlargement  work  is  processevi  in-house  to  provide 
immediate  test  data  anil  documentation  support.  Motion  footage  (realtime,  medium-speed, 
and  high-speed  color)  is  processed  locally  with  firms  who  are  responsive  to  urgent  situations. 


THtMURY  HKIttnU-"^ 


pomtBa  tiRaow  unit 


Tim  «iw  with  Kriccioi 


F-8  WING 
INTtGMl 
IAN*  WITH  IP-J 


IMPUI  POINT 
MOVtBU  BtCKSTOP 


HIGH'GPtED  CAMiRBS 


Figuir  ll-l.  Ultrasystems  Outdoor  Test  Facility. 
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ANNf  X J,l  IN  F RODUC  TION 


OVl  RVI[  W 

I Ik-  lliiim\;il  Mish;iw;ik;i  l est  l acility  supports  the  Sales  aiul  i’roduetion  proups  of  the 
I niiineereil  Systems  Department,  a part  ol  the  I’lastie  I’roiluets  Division  ol  I'niroyal.  Inc. 
I he  lacility  is  located  approximately  4 miles  east  of  .Mishawaka,  IN  (a  sisler  city  to 
South  Rend,  IN),  where  development  and  proiluction  facilities  are  located.  I'liis  faedity  is 
primarily  devoted  to  teslint:  of  various  kinds  of  tlexihle  fuel  tanks,  primarily  for  military 
aircraft  and  military  trround  vehicles  and  applications.  .Ml  testinj:  pertinent  to  ohtaininiz 
Phase  I and  Phase  II  Preproduction  approvals  of  military  tlexihle  fuel  tanks  can  he 
aecomphsheil  tincludmf!  hoth  self-sealing  and  crashworthy  tanks).  I’rimary  point  of  contact 
for  this  facility  is  Mr.  J.D.  (ialloway.  Chief  1 ngineer  fuel  Cell,  telephone  2 D)-2.S5-2  1 X I . 


GhM  RK  AIR(  RAF  T SYSTI  MS  ( SIJBSY.STI  MS)  ThSTF  I) 
I uel  tanks  and  fuel  lines  are  tested  at  this  facility. 


.SL'RVIVABILI  I Y VlJLNFiRABILH  Y F ACILITII  S OVI  RVIliW 

I he  I'niroyal  Mishawaka  Test  F acility,  situated  on  10  acres,  has  one '^.‘'-foot  gun  range 
for  nonincendiary  tire  aiul  one  range  of  up  to  250  feet  for  incendiary  fire.  Ammunition  up 
to  20-mm  may  be  tired.  F his  lacility  can  perform  a full  range  of  development  and 
production  tests  in  conjunction  with  gunllre  tests  including  slosh,  temperature,  pressure, 
fitting  vibration,  drop,  leak,  and  impact  aiul  penetratio’’  tests. 


AC  C F:SS 


.Access  to  the  facility  is  by  air  through  .South  Bend.  IN.  and  then  by  surface  a distance 
ol  12  miles  east  via  D.S.  20.  Railroads  sening  South  Beiul  are  (Irand  1 runk  and  Western, 
CONR.MF  . and  South  Shore.  Major  highways  are  U.S.  Routes  .1.1,  20  and  S0'‘>0  F-.ast/West 
and  C.S.  Route  .11  North/South. 


MAINTF  NANC  F /F  ABRIC  ATION 

File  test  facility  is  eipnpped  with  basic  power  tools  such  as  saws  and  ilrills.  This 
equipment  is  supplemented  by  the  production  facility  machine  shops;  hence,  cajiability 
exists  tor  repair  ami  rework  of  test  jigs,  structure,  etc.,  including  Fiberglass  work  for 
simulating  aircralt  structure. 


365 


JTCT,/AS-76-I)-001 


[ (K.ISTK  \L  SUl’I’OKI  I A(  lUTII  S 

Amtiuimlion  ami  {'ims  are  obtained  through  the  auspices  of  an  Air  force  contract. 
I'niroyal  lias  estaiilislied  local  sources  for  test  Iluids.  Support  for  fuel  cells  and  fuel  lines  is 
excellent. 


INDOOR  F ACIUTinS 


No  indoor  firing  facilities  are  available. 


OUTDOOR  FACILITlIiS 


NONINCLNDIARY  RANOF: 

Dimensions 

i he  nonincendiary  Range  is  75  feet  long  with  a fixed  gun  mount  located  in  a .T5-  by 
25-(oot  (luilditig.  A portable  mount  is  available  for  tests  over  a shorter  distance.  Tests  are 
conducted  through  a garage  door  type  opening  to  a railroad  tie  and  earth  backstop.  The 
bring  lane  is  concrete,  terminating  in  a 20-  by  20-foot  pad  with  a swinging  arm  monorail  for 
handling  targets.  F uel  cells  and  fuel  lines,  armor  (both  metallic  and  ceramici,  and  both 
rotary  .iiul  fixed  wing  aircraft  or  aircrafi  sections  can  be  accommoilateil. 

Weapons  FTojecliles  Available 

i he  following  armament  is  available: 

).  ..^0  caliber 
2.  ..57K-..700  .Magnum 
.44  Magnum 

4.  .50  caliber 

5.  l4.5-mni  Russian  I’ I RS 
(>.  20-mm 

7.  20-mm  \bilcan  necked  to  .50  caliber 

l.(|uipment  is  available  for  up  to  downloatiing  the  ..M)  or  .50  caliber  ammunition. 

F ive  Inert  F ire 

Only  inert  projectiles  may  be  fired  on  this  range. 
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! 

I t 

Siitcly  (;itul  Security  I Kenuireineiils 

Kaniic  safety  ami  'ecunty  inlormation  is  a\ailable  on  rei|uest  Ironi  the  Kanite  Safety 

orncer. 

Power  \\ailahility 

I lectrical  power  is  asailahlc  at  the  raiifte  at  I 10.  220.  or  440  \ \( 

Oliservation 

Tests  can  he  viewcil  troin  the  firing  huiliiing. 

In-f  light  Ballistic  Instriiinentation 

In-tlight  instrumentation  is  linhtcil  to  rouiul  velocity  inc.isiirement  using  I ( I 
Model  453  chronographs  and  light  screens. 

Terminal  Ballistic^  Instrumentation 

PHOKKlRAPII't  ■ Tastex  cameras  with  speeds  up  to  KOOO  frames  sec  .ire  iiseil  to 
record  tests  on  high-speed  film.  Crown  Craphic  cameras  are  usi-d  lor  still  photographs. 

I I M INC.  See  In-I  U/ilU  ballistic  hisinaiunlutinn. 

II.ARDWIKl  ;T1  LI  Ml  TRY.  Strain,  pressure,  and  temperature  measurements  may  he 
recordeil. 

^vironmental  Simulation  and  Measurement 

Lemperature  of  fuel  circulating  in  tanks  or  luel  liiu's  may  he  \aricrl  from  -o''  to 
+ 212  degrees. 

INCT  NDIARY  R ANCI 
Dimensions 

rests  are  fired  from  a portable  gun  mount  into  a raiho.ul  tie  and  earth  backstop.  A 20- 
hy  20-loot  concrete  pad  is  used  for  target  materials  lislaccil  by  lorklilt).  Range  Irom  gun 
mount  to  target  may  be  varied  up  to  250  leet. 

VVeapoiis  Projectiles  .Available 

See  \i>nuiii'iulior\  Raiif’c. 

LiveMnert  I- ire 

Incendiary  projectiles  may  be  fired.  No  explosive  rounds  may  be  lircd  at  this  lacility. 
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Safety  (;iiul  Seeiirily)  Keciuiremcnts 
See  \onim  cnJiury  Ranyc. 

Power  AvaiLihilily 

See  \uniiu  cndiurv  Ran^c. 

Ohservalion 

Sec  \(>nim  cmiiar\  Ranfiv. 

Iii-t'lighi  Ifallistie  Inst  nimeii  tat  ion 
S«.'e  \nmncciuliarv  Ranye. 

Terjninal  Ballistic  Instrumentation 
See  \nnlncciiJiary  Ranfie. 

DATA  HANDLING/PROCESSING 

DATA  STORAGE  AND  RETRIEVAL 

I he  majority  of  data  collected  are  stored  as  film  records. 

OLIt  k-LOOK  C APABILITIES 
None. 

PR()<  I SSING 
System  ami  Model 

An  IBM  .no/ 1 25  computer  system  is  available. 

Language 

(OBAL,  I OR  IRAN,  RPG.  and  BAI  can  be  used. 
Inpul/Outpul  Options 

Statulard  I'O  options  are  available. 
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t Realtime  Interaction 

None. 

t DISTRIBUTION  (TURNAROUND  TIME( 

Tvirnaround  time  on  tlie  370  is  immetiiate.  l ilm  processing  requires  less  than  a week. 

r 
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Fort  Eustis,  VA  23604 

Attn:  SAVDL-PP  (Mr.  Morrow) 

Attn:  SAVDL-SS,  (Mr.  Robinson) 

Attn:  SAVDL-RM 

Commander 

U.  S.  Army  Mobility  Equipment  R&D  Command 
Fort  Belvoir,  VA  22060 

Attn:  Technical  Document  Center,  Bldg  315 

t Attn:  DRSME-RZT 

I Attn:  DRXFB-Y 

I Commander 

U.  S.  Army  Armament  Command 
Rock  Island,  II,  61202 
Attn:  DRCPM-ARGADS 

, Attn:  DRSAR-RDF 

j Attn:  DRSAR-SRI 

' Commander 

. . U.  S.  Army  Frankford  Arsenal 

Philadelphia,  PA  19137 
Attn:  SARFA-MDA-D 

Attn:  SARFA-FIO 
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f Commander 

U.  S.  Army  Experimentation  Command 
Fort  Ord,  CA  93941 

Attn:  CSCG  Liaison  Office 

Commander 

U.  S.  Army  Combined  Arms  Combat 
® Development  Activity 

Fort  Leavenworth,  KS  66027 

Office  of  Deputy  under  Secretary  of  the  Army 
5600  Columbia  Pike 
Falls  Church,  VA  22041 
t Attn:  DACS-TEE-T 

Commander 

U.  S.  Army  Agency  for  Aviation  Safety 
Fort  Rucker,  AL  36360 

Commander 

f Naval  Air  Systems  Command 

Washington,  D.  C.  20361 

Attn:  A1R-5204J  (JTCG/AS,  5 copies) 

Commander 

Naval  Air  Systems  Command 
Waslilngton,  I).  C.  20361 
^ Attn:  AIR-06 

Commander 

Naval  Air  Systems  Command 
Washington,  D.  C.  20361 
Attn:  AIR-532 

Commander 

Naval  Air  Systems  Command 
Washington,  D.  C.  20361 

Attn:  AIR-530313  (Mr.  R.  Hume) 

Commander 

Naval  Material  Command 
Washington,  D.  C.  20360 
) Attn:  MAT  044 

i Commander 

1 Naval  Material  Command 

* Washington,  U,  C.  20360 

I Attn:  MAT  0361B  (5  copies) 

, ^ Naval  Surface  Weapons  Center 

• Wlilte  Oak  Laboratory  (Naval  Ordnance  Laboratory) 

Silver  Spring,  MD  20900 
' Attn:  Code  322 

I Attn:  Code  323 

Attn:  Code  702 
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Commander 

Naval  Surface  Weapons  Center 
Dahlgren  Laboratory 
Dahlgren,  VA  22A48 
Attn:  Mr.  J.  Loving 

Commander 

Naval  Weapons  Center 
China  Lake,  CA  93555 

Attn:  Code  3184  (Mr,  L.  R.  DeBold) 

i\AI  Corporation 
Baltimore,  MD  21030 

Attn:  Mr.  R.  G.  Strickland 

Alcoa  Technical  Center 
Alcoa  Center,  Br. 

New  Kensington,  PA  15069 
Attn:  Mr.  W.  J.  Dewalt 

Bell  Helicopter  Company  - Textron 
P.  0.  Box  482 
Fort  Worth,  TX  76101 
Attn:  Mr.  J.  F.  daggers 

Biophysics  Division,  Biomedical  Laboratories 
Edgewood  Arsenal,  MD  91010 
Attn:  Mr.  R.  R.  Ingram,  Jr. 

Boeing  Company  - Vertol  Division 
Boeing  Center 
P.  0.  Box  16858 
Piiiladelphia,  PA  19142 
Attn:  Mr.  E.  Riegner 

Boeing  Aerospace  Company 
P.  0.  Box  3999 
Seattle,  WA  98124 

Attn:  Mr.  R.  G.  Blalsdell 

Denver  Researcli  Institute 
University  of  Denver 
University  Park  Station 
2360  Soutii  Gaylord  Street 
Denver,  CO  80210 

Attn:  Mr.  C.  R.  Uoggatt 

Falcon  Research  and  Development  Company 
1225  Soutii  Huron  Street 
Denver,  CO  80223 

Attn:  Mr.  D.  K.  Parks 
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Firestoiu'  Coated  Fabrics  Company 
Southgate,  CA  90280 

Attn:  Mr.  V.  J . Mattson 

FMC  Corporation  (Ordnance  Engineering  Div.) 
San  dose,  CA 

Attn:  Mr.  D.  K.  Kennedy 

Ceneral  Dynamics  (Convair  Division) 

P.  0.  Box  80877 
San  Diego,  CA  92138 
Attn:  Mr.  M.  C;impbell 


Ceneral  Electric  Company 
Armament  Systems  Departm  nt 
Burlington,  VA  05A01 
Attn:  Mr.  H.  E.  Wright 

Goodyear  Aerospace  Corporation 
(Arizona  Division) 

Litchfield  Park,  AZ  853A0 
Attn:  Mr.  J.  Harman 

Goodyear  Aerospace  Corporation 
1210  Massillon  Road 
Akron,  OH  A4315 

Attn:  Mr.  J.  E.  Wells 

H.  P.  Wlilte  Laboratory 
Bel  Air,  MD  2101A 

Attn:  Mr.  D.  R.  Dunn 


Hughes  Helicopters 
Centinela  & Teale  Street 
Culver  City,  CA  90230 
Attn:  Mr.  R.  W.  Forker 


LTV  Aerospace  Corporation 
Vought  Systems  Division 
P.  0.  Box  5907 
Dallas,  TX  75222 

Attn:  Mr.  D.  M.  Reedy 


McDonnell  Douglas  Corporation 
McDonnell  Aircraft  Company 
P.  0.  Box  516 
St.  Louis,  MO  63166 
Attn:  Mr.  A.  Wilkes 


New  Mexico  Institute  of  Mining 
and  Technology 
Tera  Group 
Socorro,  NM  87801 

Attn:  Mr.  M.  L.  Kempton 
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Pacific  Technical  Corporation 
460  Ward  Drive 
Santa  Barbara,  CA 

Attn:  Dr.  F.  K.  Feldmann 

Phllco-Ford  Corporation 
Capistrano  Test  Facility 
San  Juan  Capistrano,  CA  92675 
Attn:  Mr.  K.  Nelson 

Rockwell  International 
Canoga  Park,  CA  91303 
Attn:  Mr.  C.  Artz 

Sandla  Laboratories 
Albuquerque,  NM 

Attn:  Mr.  D.  C.  Bickel 

Soutliwest  Researcli  Institute 
8500  Culebra  Road 
P.  0.  Drawer  28510 
San  Antonio,  TX  78284 
Attn:  Mr.  A.  B.  Wenzel 

U.  S.  Steel  Corporation 
Research  Center 
125  Jamison  Lane 
Monroeville,  PA  15146 
Attn:  Dr.  L.  F.  Porter 

Ultra  Systems  Incoporated 
Dynamic  Sciences  Division 
1850  West  Pinnacle  Peak  Road 
Pheonix,  AZ  85027 
Attn:  Mr.  P.  Zabol 

Uniroyal,  Incorporated 
Uniroyal  Plastic  Products  Division 
312  North  Hill  Street 
Mishawaka,  IN  46544 

Attn:  Mr.  J.  D.  Calloway 
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